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1 Instruction Set Reference 


1. Instruction Set Reference 


This chapter describes instruction set architecture, which are categorized into related 
instructions. 


1.1. Explanation of each term 


Instruction table 
This term is described about the ope-code of each instruction, op fields in instruction code, ope 
fields in instruction code and execution behavior. 

Category 


This term is described about instruction type of each instruction. 


Instruction format 


This term is described about instruction format of each instruction. 


Assembler description 


This term is described about suggested assembly language syntax. 


Behavior description 


This term is described about description of instruction execution. 


Operation example 


In the instruction which needs a complex operation, an example is shown in the table. 


Altered register other than a destination register 


This term is described an altered register which is not indicated by assembly description. 

For ICC, it is described that the flag may be altered by the instruction. A symbol O means that 
the flag may be altered by the instruction. A symbol X means that the flag does not altered by 
the instruction. 


Occurrence exception 


This term is described exceptions that may be occurred by the instruction. 


Detected exception 


When the instruction detects exceptions, there are exceptions which do not initiate an exception 
processing and may store the information. This term is described about this kind of exception. 
When the instruction is non-excepting instruction, the detected exception is initiated by the 
COMMIT instruction. When the instruction is media instruction, the detected exception is 
initiated by executing MTRAP instruction. 
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1.2. Integer Instructions 


1.2.1. Add/ Subtract (ADDSS and SUBSS are available for MB93405/MB93451.) 


Ope-code op Operation 

ADD 0000000 Add 

ADDcc 0000000 Add and ICC setting 

ADDX 0000000 Add with carry 

ADDXcc 0000000 Add with carry and ICC setting 

SUB 0000000 Subtract 

SUBcc 0000000 Subtract and ICC setting 

SUBX 0000000 Subtract with carry 

SUBXcc 0000000 Subtract with carry and ICC setting 

ADDI 0010000 Add (Immediate) 

ADDIce 0010001 : Add and ICC setting (Immediate) 

ADDXI 0010010 : Add with carry (Immediate) 

ADDXIcc 0010011 : Add with carry and ICC setting (Immediate) 
SUBI 0010100 ; Subtract (Immediate) 

SUBIcc 0010101 : Subtract and ICC setting (Immediate) 
SUBXI 0010110 ; Subtract with carry (Immediate) 

SUBXIcc 0010111 : Subtract with carry and ICC setting (Immediate) 
ADDSS 1000110 | 000000 | Add with Signed Saturation 

SUBSS 1000110 | 000001 | Substract with Signed Saturation 

#: ADDSS and SUBSS are available for MB93405/MB 93451. 


Category 


Integer 
Instruction Format (INT, Logic, Shift Operation (R-R)) 
31 30 29 28 27 26 25 24 23 22 21 2019 18 1716 15 14131211109 8 76 5 43 2 1 0 


jp] ork | i] oe | 


Instruction Format (ADDSS,SUBSS) 


[ox [| ou | oe | aR 


Instruction Format (INT, Logic, Shift Operation (R-simm)) 
31 30 29 28 27 26 25 24 23 22 21 20 19 181716 1514131211109 8 7 6 5 43 210 
[ox [| | wR 
Instruction Format (INT, Logic, Shift-cc Operation (R-R)) 
31 30 29 28 27 26 25 24 23 22 21 20 19 18 1716 15 1413121110 9 8 76 5 4 3 21 0 


Tok [| ok | [om | ow | 


ICCi 


1 Instruction Set Reference 


Instruction Format (INT, Logic, Shift-cc Operation (R-simm)) 
31 30 29 28 27 26 25 24 23 22 21 2019 18171615 14131211109 8 76 5 43 2 10 
[ox | | ow | a 
ICCi 


Assembler Syntax 


ADD GRi, GRj, GRk 

ADDcc —_ GRi, GRj, GRk, ICCi 
ADDX GRi, GRj, GRk, ICCi 
ADDXcc — GRi, GRj, GRk, ICCi 


SUB GRi, GRj, GRk 
SUBcc GRi, GRj, GRk, ICCi 
SUBX GRi, GRj, GRk, ICCi 
SUBXcc GRi, GRj, GRk, ICCi 
ADDI GRi, #812, GRk 


ADDIcc GRi, #810, GRk, ICCi 
ADDXI GRi, #810, GRk, ICCi 
ADDXIcce  GRi, #810, GRk, ICCi 
SUBI GRi, #812, GRk 
SUBIcc GRi, #810, GRk, ICCi 
SUBXI GRi, #810, GRk, ICCi 
SUBXIcc —_GRi, #810, GRk, ICCi 
ADDSS GRi, GRj, GRk 
SUBSS GRi, GRj, GRk 


Description 


The integer addition and subtraction instructions add or subtract GRi and GRj (immediate 
instruction: sign_ext (#s12) or sign_ext (#s10)) and write the result in GRk. 

The ADD instruction calculates “GRi+GRj”. 

The ADDX instruction calculates “GRi+GRj+C”. C is the carry bit of ICCi. 

The SUB instruction calculates “GRi - GRy”’. 

The SUBX instruction calculates “GRi - GRj — C”. C is the carry bit of ICCi. 

The ADDcc, ADDXcc, SUBcc, and SUBXcc instructions and their immediate instructions 
change the integer condition code (ICC). 

The ADDSS instruction adds a 32bit value of GRi to a 32bit value of GRj, and saturate,to 
pruduce a 32bit result. The result is placed into GRk. If the result is overflow as 32bit signed 
integer, maximum value of 32bit signed interger placed into GRk. (Ox7FFFFFFF or 
0x80000000) 

The SUBSS instruction subrtacts a 32bit value of GRi to a 32bit value of GRj, and saturate,to 
pruduce a 32bit result. The result is placed into GRk. If the result is overflow as 32bit signed 
integer, maximum value of 32bit signed interger placed into GRk. (Ox7FFFFFFF or 
0x80000000) 


Registers altered (except destination register) 


ICCi ... instructions with “cc” only 
N/Z IV{[C 
Oo |0 [O {O 
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Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


none 


1. Instruction Set Reference 


1.2.2. Multiply 


Ope-code op Operation 

SMUL 0000000 Signed Integer Multiply 

SMULcc 0000000 Signed Integer Multiply and ICC setting 

UMUL 0000000 Unsigned Integer Multiply 

UMULcc 0000000 Unsigned Integer Multiply and ICC setting 

SMULI 0011000 Signed Integer Multiply Immediate) 

SMULIcc 0011001 Signed Integer Multiply and ICC setting 
(Immediate) 

UMULI 0011010 : Unsigned Integer Multiply (Immediate) 

UMULIcc 0011011 Unsigned Integer Multiply and ICC setting 
(Immediate) 

Category 

Integer 


Instruction Format (INT, Logic, Shift Operation (R-R)) 
31 30 29 28 27 26 25 24 23 22 21 2019 181716 1514131211109 8 7654321 0 
Tox |» | o |-[ | on 
Instruction Format (INT, Logic, Shift Operation (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 201918171615 14131211109 8 76543210 
[oe [| ck 


Instruction Format (INT, Logic, Shift-cc Operation (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 1 0 


Tom | » | o | [om] ow | 


ICCi 
Instruction Format (INT, Logic, Shift-cc Operation (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14131211109 8 7 65 43 2 1 0 


[om [| os | | mo | 


Assembler Syntax 


SMUL GRi, GRj, GRk 
SMULcc — GRi, GRj, GRk, ICCi 
UMUL GRi, GRj, GRk 
UMULcc — GRi, GRj, GRk, ICCi 
SMULI GRi, #812, GRk 
SMULIcc — GRi, #810, GRk, ICCi 
UMULI GRi, #812, GRk 
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UMULIcc  GRi, #810, GRk, ICCi 


Description 


The integer multiply instructions multiply GRi and GRj (immediate instruction: sign_ext (#s12) 
or sign_ext (#s10)) and write the high-order 32 bits of the result in GRk and the low-order 32 
bits in GRk+1. 

The SMUL and SMULcc instructions calculate the product of signed integer word operands 
and write a signed integer doubleword as the result. 

The UMUL and UMULcc instructions calculate the product of unsigned integer word operands 
and write an unsigned integer doubleword as the result. 

The SMULcc and UMULcc instructions and their immediate instructions change the integer 
condition code (ICC) specified by ICCi field. 

register_exception (register _not_aligned) occur when the register number of GRk is an odd 
number. 


Registers altered (except destination register) 


ICCi ... instructions with “cc” only 


N {|Z IV {IC 
O|O |X |X 


Occurrence Exceptions 


register_exception (unimplement_exception, register_not_aligned) 


Detected Exceptions 


none 


1. Instruction Set Reference 


1.2.3. Multiply and Add / Subtract (These instructions are available for MB93405/MB93451.) 


Ope-code op ope Operation 
SMASS 1000110 | 000110 | Signed Multiply and Add with Signed Saturation 
(64bit + 32bit x 32bit -> 64 bit) 
SMSSS 1000110 | 000111 | Signed Multiply and Subtract with Signed 
Saturation (64bit — 32bit x32bit -> 64bit) 
Category 
Integer 


Instruction Format (SMASS,SMSSS) 


31 30 29 28 27 26 25 24 23 22 21 201918171615 14131211109 8 76543210 


Assembler Syntax 


SMASS __ GRi, GRj 
SMSSS_ _ GRi, GRj 


Description 


SMASS multiplies the 32bit value in GRi and the 32bit value in GRj , then add the product 
with the 64bit value in IACC. All operands are treated as signed values, to produce a 64bit 
result. The result is placed into IACC. If the result is overflow as 64bit signed integer, 
maximum value of 64bit signed integer is placed into IACC. (Ox7FFFFFFFFFFFFFFF or 
0x8000000000000000) 

SMSSS multiplies the 32bit value in GRi and the 32bit value in GR] , then subtract the product 
from the 64bit value in IACC. All operands are treated as signed values, to produce a 64bit 
result. The result is placed into IACC. If the result is overflow as 64bit signed integer, 
maximum value of 64bit signed integer is placed into IACC. (Ox7FFFFFFFFFFFFFFF or 
0x8000000000000000) 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


none 
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1.2.4. Multiply to [ACC (This instruction is available for MB93405/MB93451.) 


Ope-code op ope Operation 
SMU 1000110 | 000101 | Signed Multiply (32bit x 32bit -> 64 bit) 
Category 

Integer 


Instruction Format (SMASS,SMSSS) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 ~0 


pp me 


Assembler Syntax 
SMU GRi, GR} 


Description 


SMU multiplies the 32bit value in GRi and the 32bit value in GRj.All operands are treated as 
signed values, to produce a 64bit result. The result is placed into IACC. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


none 


1. Instruction Set Reference 


1.2.5. Divide 


Ope-code op Operation 
SDIV 0000000 Signed Integer Divide 
UDIV 0000000 Unsigned Integer Divide 
SDIVI 0011110 Signed Integer Divide (Immediate) 
UDIVI 0011111 Unsigned Integer Divide Immediate) 
Category 

Integer 


Instruction Format (INT, Logic, Shift Operation (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 10 


Lom [| ou |-| ow | on | 


Instruction Format (INT, Logic, Shift Operation (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 14131211109 8 7 6 5 43 2 1 ~0 


[om [| ow 


Assembler Syntax 


SDIV GRi, GRj, GRk 
UDIV GRi, GRj, GRk 
SDIVI GRi, #812, GRk 
UDIVI GRi, #812, GRk 


Description 


The integer division instructions divide GRi by GRj (immediate instruction: sign_ext (#s12)) 
and write the result in GRk. The surplus is not given as a result. 

The SDIV instruction divides a signed integer word operand by a signed integer word operand 
and writes a signed integer word as the result. 

The result of 0x80000000/ (-1) in a SDIV instruction is Ox7fffffff in division exception mask 
mode (ISR.EDEM=1), 0x80000000 in division exception detection mode. 

Division_exception cannot be masked because Division exception mask mode is for only 
overflow. The UDIV instruction divides an unsigned integer word operand by an unsigned 
integer word operand and writes an unsigned integer word as the result. 

The UDIVI instruction divides 32-bit signed integer which results from sign ext(#s12) 
regarding as 32-bit unsigned integer. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


division_exception 
register_exception (unimplement_exception) 
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Detected Exceptions 


none 
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1.2.6. Logical Operations 


Ope-code op Operation 
AND 0000001 And 
ANDcc 0000001 And and ICC setting 
OR 0000001 Or 
ORcc 0000001 Or and ICC setting 
XOR 0000001 Xor 
XORcc 0000001 Xor and ICC setting 
NOT 0000001 Not 
ANDI 0100000 And (Immediate) 
ANDIcc 0100001 - And and ICC setting (Immediate) 
ORI 0100010 ; Or (Immediate) 
ORI cc 0100011 : Or and ICC setting (Immediate) 
XORI 0100100 - Xor (Immediate) 
XORIcc 0100101 - Xor and ICC setting (Immediate) 
Category 
Integer 


Instruction Format (INT, Logic, Shift Operation (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 1 0 


|] ork | Toi] ome | 


Instruction Format (NOT Operation (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765432 1 0 
jp] ork | | oe | 


Instruction Format (INT, Logic, Shift Operation (R-simm)) 


WwW 


1 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


[om [| ck 


Instruction Format (INT, Logic, Shift-cc Operation (R-R)) 
31 30 29 28 27 26 25 24 23 22 21 2019 18 171615 14131211109 8 7654321 0 


Instruction Format (INT, Logic, Shift-cc Operation (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 1 0 


i 
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Assembler Syntax 


Description 


The integer logical instructions execute logical operations on GRi and GRj bit by bit 
(immediate instruction: GRi and sign_ext (#s12) or sign_ext (#s10)) and write the result in GRk. 
The ANDcc, ORcc, and XORcc instructions and their immediate instructions change the 
integer condition code (ICC) specified by ICCi field. 


Registers altered (except destination register) 


GRi, GRj, GRk 

GRi, GRj, GRk, ICCi 
GRi, GRj, GRk 

GRi, GRj, GRk, ICCi 
GRi, GRj, GRk 

GRi, GRj, GRk, ICCi 
GRj, GRk 

GRi, #812, GRk 

GRi, #810, GRk, ICCi 
GRi, #12, GRk 

GRi, #810, GRk, ICCi 
GRi, #812, GRk 

GRi, #810, GRk, ICCi 


ICCi ... instructions with “cc” only 


N 


ZIVIC 


O 


O |X |X 


Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


None 


1 Instruction Set Reference 


1.2.7. Shift (SLASS instruction is available for MB93405/MB93451.) 


Ope-code op Operation 

SLL 0000001 Shift Left Logical 

SLLcc 0000001 Shift Left Logical and ICC setting 

SRL 0000001 Shift Right Logical 

SRLcc 0000001 Shift Right Logical and ICC setting 

SRA 0000001 Shift Right Arithmetic 

SRAcc 0000001 Shift Right Arithmetic and ICC setting 

SLLI 0101000 Shift Left Logical (Immediate) 

SLLIcc 0101001 : Shift Left Logical and ICC setting (Immediate) 
SRLI 0101010 = Shift Right Logical Immediate) 

SRLIcc 0101011 : Shift Right Logical and ICC setting Immediate) 
SRAI 0101100 = Shift Right Arithmetic (Immediate) 

SRAIcc 0101101 : Shift Right Arithmetic and ICC - setting 
(Immediate) 

SLASS 1000110 | 000010 | Shift Left Arithmetic with Signed Saturation 

#: SLASS is available for MB93405/MB93451. 


Category 
Integer 
Instruction Format (INT, Logic, Shift Operation (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 0 


GRk cri | - | ope | GR 


Instruction Format (SLASS) 
31 30 29 28 27 26 25 24 23 22 21 20 19 18 1716 15 14131211109 8 76 5 4 3 21 0 
Oc 
Instruction Format (INT, Logic, Shift Operation (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 21 0 


Lox |» | wR 
Instruction Format (INT, Logic, Shift-cc Operation (R-R)) 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 1413121110 9 8 765 4321 0 

[Lox | | oR fo] ome | oR 
Instruction Format (INT, Logic, Shift-cc Operation (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 1413121110 9 8 7 6 5 4 3 2 1 ~(0 
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Assembler Syntax 


SLL GRi, GRj, GRk 
SLLcc GRi, GRj, GRk, ICCi 
SRL GRi, GRj, GRk 
SRLcc GRi, GRj, GRk, ICCi 
SRA GRi, GRj, GRk 
SRAcc GRi, GRj, GRk, ICCi 
SLLI GRi, #812, GRk 
SLLIcc — GRi, #810, GRk, ICCi 
SRLI GRi, #812, GRk 
SRLIcc — GRi, #810, GRk, ICCi 
SRAI GRi, #812, GRk 


SRAIcc GRi, #810, GRk, ICCi 
SLASS GRi, GRj, GRk 


Description 


The integer shift instructions shift GRi by the number of bits implied by the shift-count and 
write the result in GRk. The shift-count is specified by the low-order 5 bits of GRj (ammediate 
instruction: sign_ext (#s12) or sign_ext (#s10)). 

The SLL instruction shifts GRi to the left, replacing the vacated positions with zero. 

The SRL instruction shifts GRi to the right, replacing the vacated positions with zero. 

The SRA instruction shifts GRi to the right, replacing the vacated positions with the highest bit 
of GRi. 

The SLLcc SRLcc, and SRAcc instructions and their immediate instructions change the integer 
condition code (ICC) specified by ICCi field. 

Each bit of shift out is calculated in logical OR, and result in the C flag of ICC in SRAcc 
instruction. 

Each bit of shift out is calculate in logical OR, and result in the V flag of ICC in SLLcc 
instruction. 

SLASS shifts a 32bit value of GRi toward left at a 32bit value of GRj, and saturate,to pruduce a 
32bit result. The result is placed into GRk. If the result is overflow as 32bit signed integer, 
maximum value of 32bit signed interger placed into GRk. (Ox7FFFFFFF or 0x80000000) 


Registers altered (except destination register) 


ICCi ... instructions with “cc” only 


SRLcc,SRLIcc 


O|Z 
O|N 
~\< 
ae) 


SLLcec,SLLIcc 


N {|Z |V IC 

0O;0 |O {xX 
SRAcc,SRAIcc 

N {|Z |V IC 

Oo ;}O |X |O 


Occurrence Exceptions 


register_exception (unimplement_exception) 
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Detected Exceptions 


none 
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1.2.8. | Byte Compare Instruction 


Ope code op Operation 
CMPB 0000000 Byte Comparison and ICC field 
CMPBA 0000000 OR of Byte Comparison and ICC field 
Category 

Integer 


Instruction format (INT, Logic, Shift-cc operation (R — R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 14131211109 8 7654321 0 
ps Rte | 


Assembler description 


CMPB GRi,GRj,ICCi 
CMPBA GRi,GRj,ICCi 


Description 


The CMPB instruction compares GRig with GRjo; when they match, the instruction writes 1 to 
ICCi.n; when they do not match, the instruction writes 0 to ICCi.n. Simultaneously, the 
instruction compares GRi,; with GRj,, and when they match, the instruction writes 1 to ICCi.z; 
when they do not match, the instruction writes 0 to ICCi.z. Simultaneously, the instruction 
compares GRiz with GRj2, and when they match, the instruction writes 1 to ICCi.v; when they 
do not match, the instruction writes 0 to ICCi.v. Simultaneously, the instruction compares 
GRi3 with GRj3, and when they match, the instruction writes 1 to ICCi.c; when they do not 
match, the instruction writes 0 to ICCi.c. 

The CMPBA instruction compares GRig with GRjo; GRi; with GRj,;; GRiy with GRj2; and GRi; 
with GRj3, respectively; when there is at least one match, the instruction writes 1 to ICCi.c; 
when there is no match at all, the instruction writes 0 to ICCi.c. The instruction writes 0 to 
ICCi.n, ICCi.z, and ICCi.v. 

Indexes used for GRi and GRj show the byte locations in the register. The relationship between 
byte location and bit position is shown below: 


GRi0 = GRi (bit 31 to bit 24), GRil = GRi (bit 23 to bit 16) 
GRi2 = GRi (bit 15 to bit 8), GRi3 = GRi (bit 7 to bit 0) 
Note: The same relationship also applies to GR). 


Registers altered (except destination register) 


None 


Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


None 
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1.2.9. Accumulator Cut Instruction (This instruction is available for MB93405/MB93451.) 


Ope code op ope Operation 
SCUTSS 1000110 | 000100 Signed Cut with Signed Saturation (Immediate) 
Category 

Integer 


Instruction format (SCTUTSS) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


}[ ork |e 


Assembler description 
SCUTSS — GRj,GRk 


Description 


SCUTSS round the 64bit value of Iacc with bit_position of 7bit signed value of GRj, and cut 
and saturate, to pruduce a 32bit result. The result is placed into GRk. At round phase, if (32- 
bit_posion)th bit of Iacc is '1', 24(32-bit_position) is added to IACC. At cut phase, if 
bit_position is minus vlaue, the value of IACC is entended with sign bit. At saturation phase, if 
the result is overflow as 32bit signed integer, maximum value of 32bit signed interger placed 
into GRk. (Ox7FFFFFFF or 0x80000000) 


Ex. 
IACC : FFFFFEDC BA987654 : without round increment, saturation case 
GRj__:_16(00000010) 
GRk : FEDCBA98 


IACC : FFFFFEDC BA987654 : with round_increment case 
GRj__:_12(0000000c) 
GRk : FFEDCBAA 


IACC : FFFFFEDC BA987654 : with sign extention case 


GRj___: _ -4(FFFFFFFC) 
GRk : FFFFFFEE 


IACC : FFFFFEDC BA987654 : with saturation case 
GRj__:_ 24(00000018) 
GRk_: 80000000 


Registers altered (except destination register) 


None 


Occurrence Exceptions 


register_exception (unimplement_exception) 
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Detected Exceptions 


None 


1 Instruction Set Reference 


1.3. Load/Store Instructions 


1.3.1. Load GR 


Ope-code op ope Operation 

LDSB 0000010 | 000000 | Load Signed Byte 

LDUB 0000010 | 000001 | Load Unsigned Byte 

LDSH 0000010 | 000010 | Load Signed Halfword 

LDUH 0000010 | 000011 | Load Unsigned Halfword 

LD 0000010 | 000100 | Load Word 

LDD 0000010 | 000101 | Load Double 

LDSBU 0000010 | 010000 | Load Signed Byte with Update Index 
LDUBU 0000010 | 010001 | Load Unsigned Byte with Update Index 


LDSHU 0000010 | 010010 | Load Signed Halfword with Update Index 
LDUHU 0000010 | 010011 | Load Unsigned Halfword with Update Index 


LDU 0000010 | 010100 | Load Word with Update Index 
LDDU 0000010 | 010101 | Load Double with Update Index 
LDSBI 0110000 : Load Signed Byte (Immediate) 
LDSHI 0110001 ; Load Signed Halfword (Immediate) 
LDI 0110010 ’ Load Word (Immediate) 
LDDI 0110011 : Load Double (Immediate) 
LDUBI 0110101 - Load Unsigned Byte (Immediate) 
LDUHI 0110110 : Load Unsigned Halfword (Immediate) 
Category 

Integer 


Instruction Format (Load/Store (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 1413121110 9 8 7 65 43 2 1 0 


[om [| ou | oe | on | 


Instruction Format (Load/Store (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 1 0 


[om [| cK 


Assembler Syntax 


LDSB @(GRi, GRj), GRk 
LDUB @(GRi, GRj), GRk 
LDSH @(GRi, GRj), GRk 
LDUH @(GRi, GRj), GRk 
LD @(GRi, GRj), GRk 
LDD @(GRi, GRj), GRk 


LDSBU —_ @GRi, GRj), GRk 
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LDUBU —_ @(GRi, GRj), GRk 
LDSHU —_ @(GRi, GRj), GRk 
LDUHU —_ @(GRi, GRj), GRk 
LDU @(GRi, GRj), GRk 
LDDU @(GRi, GRj), GRk 
LDSBI @(GRi, d12), GRk 
LDUBI — @(GRi, d12), GRk 
LDSHI @(GRi, d12), GRk 
LDUHI — @(GRi, d12), GRk 
LDI @(GRi, d12), GRk 
LDDI @(GRi, d12), GRk 


Description 


The integer Load instructions calculate “GRi + GRj” as an effective address (immediate 
instruction: “GRi + sign_ext (d12)”) and copy data from memory to a general-purpose register 
(GR). Byte or halfword data is written in the GRk register which is right-justified and it is 
either sign-extended or zero-extended on the left, depending on whether or not the opecode 
specifies a signed or unsigned operation, respectively. In doubleword Load instruction, it is 
necessary to set the register number of GRk as an even number with software, and the high- 
order word is written in the even register and the low-order word in the odd. (sign_ext(X): X 
extended with a sign) 

An instruction with “update” form calculates “GRi + GRj” as an effective address and writes 
the result in GRi. 

The mem_address_not_aligned exception occurs when the effective address is not aligned on a 
halfword boundary in halfword Load instruction, when it is not aligned on a word boundary in 
word Load instruction or when it is not aligned on a doubleword boundary in doubleword Load 
instruction. 

The register_exception (register_not_aligned) exception occurs when the register number of 
GRk is not an even number in doubleword Load instruction. 

When an imprecise exception occurs in the Load with Update Index instruction, it completes to 
write the effective address in GRi and it does not complete to copy data from memory 
indicating by the effective address to GRk. 


Operation example 


LDSHU @(GRi,GRj),GRk 


+ 


GRi Start 


completed 
Reads data (0x89AB) 
referring to memory of found 
address (1002 


GRj 


Registers altered (except destination register) 


GRi ... Instruction with “update” form only 


Occurrence Exceptions 


mem_address_not_aligned (except byte Load instruction) 
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data_access_exception 

data_access MMU_ miss 

data_access_error 

register_exception (unimplement_exception, register_not_aligned) 
Detected Exceptions 


none 
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1.3.2. Load FR 


Ope-code op ope Operation 

LDBF 0000010 | 001000 | Load Byte FR register 

LDHF 0000010 | 001001 | Load Halfword FR register 

LDF 0000010 | 001010 | Load FR register 

LDDF 0000010 | 001011 | Load Double FR register 

LDBFU 0000010 | 011000 | Load Byte FR register with Update Index 
LDHFU 0000010 | 011001 | Load Halfword FR register with Update Index 
LDFU 0000010 | 011010 | Load FR register with Update Index 

LDDFU 0000010 | 011011 | Load Double FR register with Update Index 


LDBFI 0111000 Load Byte FR register (Immediate) 
LDHFI 0111001 : Load Halfword FR register (Immediate) 
LDFI 0111010 - Load FR register (Immediate) 
LDDFI 0111011 : Load Double FR register (Immediate) 
Category 

Integer 


Instruction Format (Load/Store (R-R)) 
31 30 29 28 27 26 25 24 23 22 21 2019 18 171615 14131211109 8 7654321 0 


‘Tom | « | om | = | cH 


Instruction Format (Load/Store (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 14131211109 8 7 65 43 2 1 0 


om [| ow | | 


Assembler Syntax 


LDBF @(GRi, GRj), FRk 
LDHEF @(GRi, GRj), FRk 
LDF @(GRi, GRj), FRk 
LDDF @(GRi, GRj), FRk 


LDBFU — @(GRi, GRj), FRk 
LDHFU —_ @(GRi, GRj), FRk 
LDFU @(GRi, GRj), FRk 
LDDFU —_ @(GRi, GRj), FRk 
LDBFI @(GRi, d12), FRk 
LDHFI @(GRi, d12), FRk 
LDFI @(GRi, d12), FRk 
LDDFI @(GRi, d12), FRk 


Description 


The floating-point Load instructions calculate “GRi + GRj” as an effective address (immediate 
instruction: “GRi + sign_ext (d12)”) and copy data from memory to FR. 


1 Instruction Set Reference 


The LDBF instruction copies byte data from memory to all byte positions of FR without a 
signed extension. 

The LDHF instruction copies halfword aligned data from memory to all halfword positions of 
FR without a signed extension. 

The LDF instruction copies word aligned data from memory to FR. 

The LDDF instruction copies doubleword aligned data from memory to FRk and FRk+1. 

An instruction with “update” form calculates “GRi + GRj” as an effective address and writes 
the result in GRi. 

The mem_address_not_aligned exception occurs when the effective address is not aligned on a 
halfword boundary in halfword Load instruction, when it is not aligned on a word boundary in 
word Load instruction, when it is not aligned on a doubleword boundary in doubleword Load 
instruction. 

The register_exception (register_not_aligned) exception occurs when the register number of 
FRk is not an even number in doubleword Load instruction. 

When an imprecise exception occurs in the Load with Update Index instruction, it completes to 
write the effective address in GRi and it does not complete to copy data from memory 
indicating by the effective address to FRk. 


Operation example 


LDBFU @(GRi,GRj),FRk 


+ 


GRi Start 


completed 
Reads data (0x89) referring 


GRj to memory of found address 


(1008) 
FRk completed 0x89898989 


Registers altered (except destination register) 


GRi ... Instruction with update only 


Occurrence Exceptions 


fp_ disabled 

mem_address_not_aligned 

data_access_exception 

data_access MMU_ miss 

data_access_error 

register_exception (unimplement_exception, register_not_aligned) 


Detected Exceptions 


none 
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1.3.3. Store GR 


Ope-code op ope Operation 
STB 0000011 000000 | Store Byte 
STH 0000011 000001 | Store Halfword 
ST 0000011 000010 | Store Word 
STD 0000011 000011 | Store Double 
STBU 0000011 010000 | Store Byte with Update Index 
STHU 0000011 010001 | Store Halfword with Update Index 
STU 0000011 010010 | Store Word with Update Index 
STDU 0000011 010011 | Store Double with Update Index 
STBI 1010000 Store Byte (Immediate) 
STHI 1010001 Store Halfword (Immediate) 
STI 1010010 Store Word (Immediate) 
STDI 1010011 Store Double (Immediate) 
Category 

Integer 


Instruction Format (Load/Store (R-R)) 
31 30 29 28 27 26 25 24 23 22 21 20 19 18 1716 15 1413121110 9 8 7 6 5 4 3 21 0 
fork | RE] | 
Instruction Format (Load/Store (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 0 


[om |» | ox 


Assembler Syntax 


STB GRk, @(GRi, GRj) 
STH GRk, @(GRi, GRj) 
ST GRk, @(GRi, GRj) 
STD GRk, @(GRi, GRj) 
STBU GRk, @(GRi, GRj) 
STHU GRk, @(GRi, GRj) 
STU GRk, @(GRi, GRj) 
STDU GRk, @(GRi, GRj) 
STBI GRk, @(GRi, d12) 
STHI GRk, @(GRi, d12) 
STI GRk, @(GRi, d12) 
STDI GRk, @(GRi, d12) 
Description 


The integer Store instructions calculate “GRi + GRj” as an effective address (immediate 
instruction: “GRi + sign ext (d12)”) and copy data from a general-purpose register(GRk) into 
memory. In doubleword Store instruction, it is necessary to set the register number of GRk as 


1 Instruction Set Reference 


an even number with software, and the high-order word is stored in memory from the even 
register and the low-order word from the odd. (sign_ext (X): X extended with a sign) 

An instruction with “update” form calculates “GRi + GRj” as an effective address and writes 
the result in GRi. 

The mem_address_not_aligned exception occurs when the effective address is not aligned on a 
halfword boundary in halfword Store instruction, when it is not aligned on a word boundary in 
word Store instruction or when it is not aligned on a doubleword boundary in doubleword Store 
instruction. 

The register_exception (register_not_aligned) occurs when the register number of GRk is an 
odd number in doubleword Store instruction. 

When an imprecise exception occurs in the Store with Update Index instruction, it completes to 
write the effective address in GRi and it does not complete to copy data from GRk to memory 
indicating by the effective address. 


Operation example 


STU GRk,@(GRi,GR)) 


+ 


GRi Start 


completed 
Writes data of GRk to found 


GRj address (1002) 


GRk 0x12345678 


Registers altered (except destination register) 


GRi ... Instruction with update only 


Occurrence Exceptions 


mem_address_not_aligned (except byte Store) 
data_access_exception 

data_access MMU_ miss 

data_access_error 

data_store_error 

register_exception (unimplement_exception, register_not_aligned) 


Detected Exceptions 


none 
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1.3.4. Store FR 


Ope-code op ope Operation 
STBF 0000011 001000 | Store Byte FR register 
STHF 0000011 001001 | Store Halfword FR register 
STF 0000011 001010 | Store FR register 
STDF 0000011 001011 | Store Double FR register 
STBFU 0000011 011000 | Store Byte FR register with Update Index 
STHFU 0000011 011001 | Store Halfword FR register with Update Index 
STFU 0000011 011010 | Store FR register with Update Index 
STDFU 0000011 011011 | Store Double FR register with Update Index 
STBFI 1001110 Store Byte FR register (Immediate) 
STHFI 1001111 Store Halfword FR register (Immediate) 
STFI 1010101 Store FR register (Immediate) 
STDFI 1010110 Store Double FR register (Immediate) 
Category 

Integer 


Instruction Format (Load/Store (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 1 0 


[om | « | a | om | oH | 


Instruction Format (Load/Store (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


[rx [| cK 


Assembler Syntax 


STBF FRk, @(GRi, GRj) 
STHE FRk, @(GRi, GRj) 
STE FRk, @(GRi, GRj) 
STDF FRk, @(GRi, GRj) 


STBFU —_— FRk, @(GRi, GRj) 
STHFU _ FRk, @(GRi, GRj) 
STFU FRk, @(GRi, GRj) 
STDFU _ FRk, @(GRi, GRj) 
STBFI FRk, @(GRi, d12) 
STHFI FRk, @(GRi, d12) 
STFI FRk, @(GRi, d12) 
STDFI FRk, @(GRi, d12) 


Description 


The floating-point Store instructions calculate “GRi + GRj” as an effective address (immediate 
instruction: “GRi + sign_ext (d12)”) and copy data from FRk into memory. 


1 Instruction Set Reference 


The STBF instruction copies the lowest-order byte of FR to memory. 

The STHF instruction copies low-order halfword data of FR to memory. 

The STF instruction copies word data from FR to memory. 

The STDF instruction copies doubleword data from FRk and FRk+1 to memory. 

An instruction with “update” form calculates “GRi + GRj” as an effective address and writes 
the result in GRi. 

The mem_address_not_aligned exception occurs when the effective address is not aligned on a 
halfword boundary in halfword Store instruction, when it is not aligned on a word boundary in 
word Store instruction or when it is not aligned on a doubleword boundary in doubleword Store 
instruction. 

When an imprecise exception occurs in executing the Store with Update Index instruction, it 
completes to write the effective address in GRi and it does not complete to copy data from FRk 
to memory indicated by the effective address. 


Operation example 


STDFU FRk,@(GRi,GRj) 


completed 


Writes data of FRk and 
FRk+1 to found address 
(1008) 


GRj 


0x12345678 
Ox9abcdef0 


Registers altered (except destination register) 


FRk 


GRi ... Instruction with update only 


Occurrence Exceptions 


fp_ disabled 

mem_address_not_aligned 

data_access_exception 

data_access MMU_ miss 

data_access_error 

data_store_error 

register_exception (unimplement_exception, register_not_aligned) 


Detected Exceptions 


none 
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1.4. Data transfer Instructions 


1.4.1. Swap 
Ope-code op Operation 
SWAP 0000011 SWAP register with memory 
SWAPI 1001101 SWAP register with memory (Immediate) 
Category 
Control 


Instruction Format (Load/Store (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43210 


‘Loe | | on | oe | 


Instruction Format (Load/Store (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 1413121110 9 8 7 65 43 21 ~0 


a 


Assembler Syntax 


SWAP @(GRi, GRj), GRk 
SWAPI  @(GRi, d12), GRk 


Description 


The swap instructions calculates “GRi+GRj“ as an effective address (Immediate instruction: 
“GRitsign_ ext (d12)”) and exchange the contents of GRk with the contents of the word 
addressed memory location.The operation is performed atomically, that is, without allowing 
intervening interrupts. In a multiprocessor system, two or more processors executing SWAP or 
atomic Load-Store instruction addressing the same word or byte simultaneously are guaranteed 
to be executed without allowing intervening. 

The mem_address_not_aligned exception occurs when the effective address is not aligned on a 
word boundary. 


Operation example 


SWAP @(GRi,GRj),GRk 


cn —— 
GRj i Reads data of found address 


(1000) 

and writes data of GRk. 
GRk Start Others can't access while 
reading and writing. 
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Registers altered (except destination register) 


none 


Occurrence Exceptions 


mem_address_not_aligned 
data_access_exception 
data_access MMU_ miss 

data_access_error 

data_store_error 

register_exception (unimplement_exception) 


Detected Exceptions 


none 
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1.4.2. Move 


Ope-code op ope Operation 


MOVGF 0000011 | 010101 | Move GR to FR 


MOVGFD 0000011 | 010110 | Move GR to FR Double 


MOVFG 0000011 | 001101 | Move FR to GR 


MOVFGD 0000011 | 001110 | Move FR to GR Double 


MOVGS(*1) 0000011 | 000110 | Move GR to SPR 


MOVSG(*1) | 0000011 | 000111 | Move SPR to GR 


(* 1) privileged instruction if source register or destination register is privileged. 


Category 
Integer, Control (MOVGS, MOVSG) 


Instruction Format (Register transfer instruction) 


31 30 29 28 27 26 25 24 23 22 21 20191817 16 15 14131211109 8 765 43 2 1 0 


Assembler Syntax 


MOVGF GRj, FRk 

MOVGFD _— GR), FRk 

MOVFG FRk, GRj 

MOVFGD _ FRk, GRj 

MOVGS GRj, SPR 

MOVSG SPR, GRj 

(“SPR” in assembler syntax is 12 bits field concatenating the FRk field and the sr field, 
following FRk with sr, in MOVGS instruction and MOVSG instruction.) 


Description 


The register transfer instructions copy the contents between GR, FR, and SPR. 

The instruction MOVGEF copies the contents of GRj to FRk. 

The instruction MOVGFD copies the contents of GRj to FRk and from GRj+1 to FRk+ 
The instruction MOVFG copies the contents of FRk to GR}. 
The instruction MOVFGD copies the contents of FRk to GRj and from FRk+1 to GRj+ 
The instruction MOVGS copies the contents of GRj to SPR. 

The instruction MOVSG copies the contents of SPR to GRj. 

The register_exception (register not_aligned) occurs when the register number of FRk or GRj 
is an odd number in doubleword transfer. 


— 


— 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


fp_ disabled 
register_exception (unimplement_exception, register_not_aligned) 
privileged_instruction 
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Detected Exceptions 


none 
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1.5. Control transfer Instructions 


1.5.1. Integer Conditional Branch 


Ope-code op Operation 
Bicc 0000110 Integer Conditional Branch 
Category 

Branch 


Instruction Format (Branch instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 14131211109 8 7 65 43 2 1 0 


[econ fica] > | | tae 


#hint 


Assembler Syntax 
Bicc ICCi, #hint, labell6 

BEQ L= 
BNE :Z==0 
BLE : (Z or(N xor V))== 
BGT : (Z or (N xor V))==0 
BLT : (N xor V)== 
BGE : (N xor V)== 
BLS > (C or Z)== 


BHI :(C or Z)==0 
BC a Oo 
BNC : C==0 
BN >: N== 
BP > N== 
BV > V== 
BNV > V=> 

BNO 

BRA labell6 

Description 


The Integer Conditional Branch instruction evaluates the #cond field of ICCi, according to the 
#cond field of the instruction. 

When the evaluation is true, the instruction cause control transfer to the address “PC + (4 x 
sign ext (label 16))”. When the evaluation is false, the branch is not taken. 

The #hint bit is 2bit field which is set by software, and the hint bit is used for a branch 
prediction. When there is a high probability of branching, you should specify 2 to #hint. When 
there is not much probability of branching, you should specify 0 to #hint. 

The following table is shown the evaluation condition of ICCi indicating by #cond field. 
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Table 1 #cond field and pseudo opecode 


Pseudo opecode 


mean 


1 Instruction Set Reference 


ICC test 


BEQ 


Branch Equal 


Z 


BNE 


Branch Not Equal 


not Z 


BLE 


Branch Less or Equal 


Z or (N xor V) 


BGT 


Branch Greater 


Not (Z or (N xor 


BLT 


Branch Less 


BGE 


Branch Greater or Equal 


Not (N xor V) 


BLS 


Branch Less or Equal Unsigned 


CorZ 


BHI 


Branch Greater Unsigned 


Not (C or Z) 


BC 


Branch Carry Set 


C 


BNC 


Branch Carry Clear 


Not C 


BN 


Branch Negative 


N 


BP 


Branch Positive 


Not N 


BV 


Branch Overflow Set 


Branch Overflow Clear 


Branch Never 


Branch Always 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


none 


Detected Exceptions 


none 
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1.5.2. Floating-point / media Conditional Branch 


Ope-code op Operation 
FBfcc 0000111 Floating-point/Media Conditional Branch 
Category 

Branch 


Instruction Format (Branch instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 


[Leon rc] | [tae i 


#hint 


Assembler Syntax 
FBfcc FCCi, #hint, labell6 


FBNE : (L or G or U)== 

FBEQ : E== 

FBLG : (L or G)== 

FBUE : (E or U)== 

FBUL : (L or U)== 

FBGE : (E or G)== 

FBLT 2 

FBUGE ~— : (Eor Gor U)== 

FBUG : (Gor U)== 

FBLE :L== 

FBGT :G= 

FBULE — :(EorLorG)= 

FBU : U== 

FBO : (E or L or G)== 
FBNO 


FBRA labell6 


Description 


The floating-point / media Conditional Branch instruction evaluates the #cond field of FCCi, 
according to the #cond field of the instruction. 

When the evaluation is true, the instruction cause control transfer to the address “PC + (4 x 
sign ext (label 16))”. When the evaluation is false, the branch is not taken. 

The #hint bit is 2-bit field which is set by software, and the hint bit is used for a branch 
prediction. When there is a high probability of branching, you should specify 2 to #hint. When 
there is not much probability of branching, you should specify 0 to #hint. 

The following table is shown the evaluation condition of FCCi indicating by #cond field. 
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Table 2 #cond field and pseudo opecode 


Pseudo opecode mean FCC test 
FBNE Branch Not Equal LorGorU 
FBE Branch Equal E 

FBL Branch Less or Greater LorG 
FBU Branch Unordered or Equal EorU 

FBU Branch Unordered or Less LorU 
FBG Branch Greater or Equal EorG 
FBL Branch Less L 

FBU Branch Unordered or Greater or Equal EorGorU 
FBU Branch Unordered or Greater GorU 
FBL Branch Less or Equal EorL 
FBG Branch Greater G 

FBU Branch Unordered or Less or Equal EorLorU 
FBU Branch Unordered U 

FBO Branch Ordered EorLorG 
FBNO Branch Never 0 

FBRA Branch Always 1 


Q)O 


esl lenlies) 


TMaAlQ|4A 


Cla 
ty 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


fp_ disabled 


Detected Exceptions 


none 
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1.5.3. LCR Conditional Branch to LR 


Ope-code Op ope Operation 
BetrLR 0001110 001 LCR Conditional Branch to LR 
Category 

Branch 


Instruction Format (Branch instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 1413121110 9 8 7 65 43 2 1 ~0 


#ccond 


Assembler Syntax 
BcetrLR #ccond, #hint 


Description 


BctrLR instruction decrements the LCR and evaluates the condition shown by the following 
table. When the evaluation is true, the instruction cause control transfer to the address stored in 
the LR. When the evaluation is false, the branch is not taken. 


Table 3 #ccond field and evaluation condition of LCR 


#ccond __| Operation 


LCR test 


0 Branch if LCR !=0 


LCR !=0 


1 Branch if LCR = 0 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


none 


Detected Exceptions 


none 
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1.5.4. Integer conditional Branches to LR 


Ope-code op Operation 
BiccLR 0001110 Integer Conditional Branch to LR 
BCiccLR 0001110 Integer and LCR Conditional Branch to LR 
Category 

Branch 


Instruction Format (Branch instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 14131211109 8 7 65 43 2 1 ~°0 


Hie ee ee OR 
1 


#hint #cecond 


Assembler Syntax 


BiccLR ICCi, #hint 
BEQLR- : Z== 
BNELR = :Z==0 
BLELR : (Z or (N xor V))== 
BGTLR — :(Zor(N xor V))==0 
BLTLR — :(Nxor V)== 
BGELR — :(N xor V)== 
BLSLR :(C or Z)= 
BHILR :(C or Z)== 


BCLR :C= 
BNCLR  :C==0 
BNLR : N== 
BPLR : N==' 
BVLR : V== 
BNVLR — : V== 

BNOLR 

BRALR 
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BCiccLR ICCi, #ccond, #hint 


BCEQLR :Z= 
BCNELR ~ : Z==0 
BCLELR : (Z or (N xor V))== 
BCGTLR — :(Zor(N xor V))==0 
BCLTLR : (N xor V)== 
BCGELR — :(N xor V)==0 
BCLSLR :(C or Z)== 
BCHILR : (C or Z)==0 
BCCLR {C= 
BCNCLR  : C== 
BCNLR : N== 
BCPLR : N== 
BCVLR :V== 
BCNVLR ©: V== 

BCNOLR 


BCRALR #ccond 


Description 


BiccLR instruction evaluates the #cond field of ICCi, according to the #cond field of the 
instruction. When the evaluation is true, the instruction cause control transfer to the address 
stored in the LR. When the evaluation is false, the branch is not taken. 

BCiccLR instruction decrements the LCR and evaluates the condition shown Table 4 and also 
evaluates the #cond field of ICCi, according to the #cond field of the instruction. When the 
both evaluations are true, the instruction cause control transfer to the address stored in the LR. 
When the either condition is false, the branch is not taken. 

Even if the Integer conditional Branch to LR Instructions and another branch instructions are in 
a same VLIW instruction and the condition of another branch instructions are true, the 
decrement of LCR in Integer condition Branch to LR instruction is executed. 

The #hint bit is 2-bit field which is set by software, and the hint bit is used for a branch 
prediction. When there is a high probability of branching, you should specify 2 to #hint. When 
there is not much probability of branching, you should specify 0 to #hint. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


none 


Detected Exceptions 


none 
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Table 4 #ccond field and evaluation condition of LCR 


Operation 


LCR test 


Branch if LCR !=0 


LCR !=0 


Branch if LCR = 0 


LCR=0 


Pseudo opecode 


Table 5 #cond field and pseudo opecode 


Operation 


ICC test 


BEQLR 


Branch Equal to LR 


Z 


BNELR 


Branch Not Equal to LR 


Not Z 


BLELR 


Branch Less or Equal to LR 


or (N xor V) 


BGTLR 


Branch Greater to LR 


ot (Z or (N xor 
)) 


BLTLR 


Branch Less to LR 


xor V 


BGELR 


Branch Greater or Equal to LR 


ot (N xor V) 


BLSLR 


Branch Less or Equal Unsigned to LR 


or Z 


BHILR 


Branch Greater Unsigned to LR 


ot (C or Z) 


BCLR 


Branch Carry Set to LR 


BNCLR 


Branch Carry Clear to LR 


ot C 


BNLR 


Branch Negative to LR 


BPLR 


Branch Positive to LR 


ot N 


BVLR 


Branch Overflow Set to LR 


BNVLR 


Branch Overflow Clear to LR 


ot V 


BNOLR 


Branch Never to LR 


BRALR 


Branch Always to LR 


BCEQLR 


Branch LCR and Equal to LR 


BCNELR 


Branch LCR and Not Equal to LR 


ot Z 


BCLELR 


Branch LCR and Less or Equal to LR 


or (N xor V) 


BCGTLR 


Branch LCR and Greater to LR 


Not (Z or (N xor 
)) 


BCLTLR 


Branch LCR and Less to LR 


Y xor V 


BCGELR 


Branch LCR and Greater or Equal to LR 


Not (N xor V) 


BCLSLR 


Branch LCR and Less or Equal Unsigned 
to LR 


CorZ 


BCHILR 


Branch LCR and Greater Unsigned to LR 


Not (C or Z) 


BCCLR 


Branch LCR and Carry Set to LR 


C 


BCNCLR 


Branch LCR and Carry Clear to LR 


Not C 


BCNLR 


Branch LCR and Negative to LR 


N 


BCPLR 


Branch LCR and Positive to LR 


Not N 


BCVLR 


Branch LCR and Overflow Set to LR 


BCNVLR 


Branch LCR and Overflow Clear to LR 


BCNOLR 


Branch LCR and Never to LR 


BCRALR 


Branch LCR and Always to LR 
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1.5.5. Floating-point/Media Branches to LR 


Ope-code Op Operation 
FBfccLR 0001110 Floating-point/Media Conditional Branch to LR 
FCBfccLR 0001110 Floating-point/Media and LCR Conditional Branch to LR 
Category 

Branch 


Instruction Format (Branch instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 76543 2 1 0 


Bis ee ee ee 


FCCi #hint #cecond 


Assembler Syntax 


FBfecLR FCCi, #hint 
FBNELR : (L or G or U)== 
FBEQLR : E== 
FBLGLR : (L or G)== 
FBUELR : (E or U)== 
FBULLR : (L or U)== 
FBGELR : (E or G)== 
FBLTLR :L== 
FBUGELR _ : (E or Gor U)==1 
FBUGLR ~— : (Gor U)== 
FBLELR : (E or L)== 


FBGTLR 1 G== 
FBULELR  : (EorLor U)==1 
FBULR : U== 
FBOLR : (E or L or G)== 
FBNOLR 
FBRALR 
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FCBfccLR FCCi, #ccond, #hint 


FCBNELR : (L or G or U)== 
FCBEQLR : E== 
FCBLGLR : (Lor G)== 
FCBUELR : (E or U)== 
FCBULLR : (Lor U)== 
FCBGELR : (E or G)== 
FCBLTLR :L== 
FCBUGELR © : (Eor Gor U)== 
FCBUGLR : (Gor U)== 
FCBLELR : (E or L)= 
FCBGTLR :G==1 
FCBULELR — :(EorLor U)== 
FCBULR :U=1 

FCBOLR : (E or L or G)== 


FCBNOLR 
FCBRALR #ccond 


Description 


FBfccLR instruction evaluates the #cond field of FCCi, according to the pseudo opecode shown 
by Table 7. When the evaluation is true, the instruction cause control transfer to the address 
stored in the LR. When the evaluation is false, the branch is not taken. 

FCBfccLR instruction decrements the LCR and evaluates the condition shown by Table 6 and 
also evaluates the #cond field of FCCi, according to the pseudo opecode shown by Table 7. 
When the both evaluations are true, the instruction cause control transfer to the address stored 
in the LR. When the either condition is false, the branch is not taken. 

Even if the Floating-point/Media Branch instruction to LR Instructions and other branch 
instructions are in the same VLIW instruction and the condition of the other branch instructions 
are true, the decrement of LCR in the FCBfccLR instruction is executed. 

The #hint is 2-bit field which is set by software, and the hint bit is used for a branch prediction. 
When there is a high probability of branching, you should specify 2 to #hint. When there is not 
much probability of branching, you should specify 0 to #hint. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


fp_ disabled 


Detected Exceptions 


none 
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Table 6 #ccond field and evaluation condition of LCR 


Operation 


LCR test 


Branch if LCR!= 0 


LCR!= 0 


Branch if LCR = 0 


LCR = 0 


Pseudo opecode 


Table 7 #cond field and pseudo opecode 


Operation 


FCC test 


FBNELR 


Branch Not Equal to LR 


LorGorU 


FBEQLR 


Branch Equal to LR 


E 


FBLGLR 


Branch Less or Greater to LR 


LorG 


FBUELR 


Branch Unordered or Equal to LR 


EorU 


FBULLR 


Branch Unordered or Less to LR 


LorU 


FBGELR 


Branch Greater or Equal to LR 


EorG 


FBLTLR 


Branch Less to LR 


L 


FBUGELR 


Branch Unordered or Greater or Equal 
to LR 


EorGorU 


FBUGLR 


Branch Unordered or Greater to LR 


Gor U 


FBLELR 


Branch Less or Equal to LR 


EorL 


FBGTLR 


Branch Greater to LR 


G 


FBULELR 


Branch Unordered or Less or Equal to 
LR 


EorLorU 


FBULR 


Branch Unordered to LR 


U 


FBOLR 


Branch Ordered to LR 


EorLorG 


FBNOLR 


Branch Never to LR 


0 


FBRALR 


Branch Always to LR 


1 


FCBNELR 


Branch LCR and Not Equal to LR 


LorGorU 


FCBEQLR 


Branch LCR and Equal to LR 


E 


FCBLGLR 


Branch LCR and Less or Greater to 
LR 


LorG 


FCBUELR 


Branch LCR and Unordered or Equal 
to LR 


EorU 


FCBULLR 


Branch LCR and Unordered or Less to 
LR 


LorU 


FCBGELR 


Branch LCR and Greater or Equal to 
LR 


EorG 


FCBLTLR 


Branch LCR and Less 


L 


FCBUGELR 


Branch LCR and Unordered or Greater 
or Equal to LR 


EorGorU 


FCBUGLR 


Branch LCR and Unordered or Greater 
to LR 


GorU 


FCBLELR 


Branch LCR and Less or Equal to LR 


EorL 


FCBGTLR 


Branch LCR and Greater to LR 


G 


FCBULELR 


Branch LCR and Unordered or Less or 
Equal 


EorLorU 


FCBULR 


Branch LCR and Unordered 


U 


FCBOLR 


Branch LCR and Ordered 


EorLorG 


FCBNOLR 


Branch LCR and Never to LR 


0 


FCBRALR 


Branch LCR and Always to LR 


42 


1 


1 Instruction Set Reference 


1.5.6. Jump and Link 


Ope-code Op Operation 
JMPL 0001100 Jump and Link 
JMPIL 0001101 Jump (Immediate) and Link 
Category 
Integer 


Instruction Format (Jmp instruction (R-R)) 
31 30 29 28 27 26 25 24 23 22 21 2019 18171615 14131211109 8 7654321 0 
Po | = | 
LI 


Instruction Format (Jmp instruction (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765432 1 0 


LI 
Assembler Syntax 
JMPL @(GRi,GRj) (In case LI=0) 
CALLL @(GRi,GRj) (In case LI=1) 
JMPIL @(GRi,d12) (In case LI=0) 
CALLIL @(GRi,d12) (In case LI=1) 


Description 


The JMPL instructions execute the unconditional branch to the branch target address given by 
“GRit+GRj” (Immediate: “GRit+sign_ext (d12)”) 

When the LI field is ‘1’, the JMPL (CALLL or CALLIL) instruction writes the PC value of the 
first instruction of next VLIW instruction to LR. When the LI field is ‘0’, it does not write the 
value to the LR. 

Even if the branch target address is not aligned on word boundary, the 
mem_address_not_aligned exception doesn't occur. In this case, the low-order bits below the 
word boundary in the branch target address are "0". 


Registers altered (except destination register) 
LR 


Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


none 
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1.5.7. Call 
Ope-code op Operation 
CALL 0001111 Call and Link 
Category 

Branch 


Instruction Format (Call instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 0 


a labelH6 | op labelL 18 


Assembler Syntax 


CALL label24 
(label 24 is 24 bits fields concatenating the labelH6 field and the labelL18 in the CALL 
instruction.) 


Description 


The CALL instruction executes the unconditional PC relative control transfer to the address 
“PC + (4 x sign_ext (label 24))”, and writes the PC value of the first instruction in the next 
VLIW instruction in LR. 
The PC relative displacement is 26-bit width which is following disp 24 field with 0 as 2-bit 
value. 

Registers altered (except destination register) 


LR 


Occurrence Exceptions 


none 


Detected Exceptions 


none 
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1.5.8. Return from Trap 


Ope-code op Operation 
RETT 0000101 Return from Trap 
Category 


Privileged Control 


Instruction Format (Return from Trap instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 0 


Assembler Syntax 
RETT #d 


Description 


The RETT instruction is used for returning from a trap handler. 
When an exception does not occur and the d field is 0 in the normal running mode, the RETT 
instruction 

1) executes unconditional control transfer to the target address in PCSR register. 

2) restores the S field of PSR from the PS field of PSR. 

3) sets the ET field of PSR to ‘1’ 
When the d field is 1, the RETT instruction 

1) executes unconditional control transfer to the target address, which is calculated by 

lower 2 bits of BPCSR register defined to 0. 

2) restores the S field of PSR from the BS field of BPSR. 

3) restores the ET field of PSR from the BET field of BPSR. 

4) Transfers the processor mode to normal running mode from debug running mode. 
The following exception may occur when a RETT instruction executed 
The privileged_instruction exception occurs when the trap is permitted (PSR.ET=1) and the 
processor executes in the user-mode (PSR.S=0). 
It transits in the HALT mode when the trap is permitted (PSR.ET=1) and the processor 
executes in super-visor mode (PSR.S=1). 
It transits in the HALT mode when the trap is inhibit (PSR.ET=0) and the processor executes in 
the usr-mode (PSR.S=0). 


Registers altered (except destination register) 


PSR 


Occurrence Exceptions 


privileged_instruction 


Detected Exceptions 


none 
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1.5.9. Integer Conditional Trap 


Ope-code op Ope | Operation 


Tice 0000100 00 Integer Conditional Trap 


Tlice 0011100 - Integer Conditional Trap (Immediate) 


Category 


Control 


Instruction Format (Trap instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 1716 1514131211109 8 7 6 5 4 3 21 ~0 


ns 


Instruction Format (Trap instruction (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 2019 18 17161514131211109 8 76543 210 


[Lise [ccf we [oe 


Assembler Syntax 


Tice ICCi, GRi, GRj 
TEQ :Z==1 
TNE :Z==0 
TLE : (Z or (N xor V))== 
TGT : (Z or (N xor V))==0 
TLT : (N xor V)== 
TGE — :(Nxor V)==0 
TLS > (C or Z)== 
THI :(C or Z)==0 


TC :C== 
TNC C==0 
TN N== 
TP N== 
TV V== 
TNV V==0 

TNO 

TRA GRi, GRj 
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Tlice ICCi, GR: 
TIEQ 
TINE 
TILE 
TIGT 
TILT 


TINO 


i, 


#s12 
: Z== 
:Z==0 


: (Z or (N xor V))==1 
: (Z or (N xor V))==0 


: (N xor V)==1 
: (N xor V)== 
> (C or Z)== 

: (C or Z)==0 
:C== 

: C==0 

>: N== 

>: N== 

: V== 

: V== 


TIRA GRi, #s12 


Description 


1 


Instruction Set Reference 


The integer conditional trap instruction evaluates the #cond field of ICCi. When the evaluation 
is true and the higher priority trap or interrupt requests are not deferred, the trap_instruction is 
generated. When the evaluation is false, it behaves like a NOP operation. 

When the trap_instruction is generated, the tt field of the trap base register (TBR) is written 
with 128 plus the least significant seven bits of “GRi+GRj” (immediate instruction: “GRi + 


sign ext (#s12)’”) (sign_ext (X): X extended with a sign). 


If the break interrupt or the program interrupt occurs in the previous instruction in a same 
VLIW instruction, this instruction is not executed and software interrupt is not initiated. The 


multiple trap instructions are not put in a same VLIW instruction. 


The test condition of ICC shown by the content of the #cond field and ICCi is as follows. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


trap_ instruction 


Detected Exceptions 


none 
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Pseudo opecode 


Table 8 Pseudo opecode 


Operation 


ICC test 


TEQ 


Trap Equal 


Z 


TNE 


Trap Not Equal 


Not Z 


TLE 


Trap Less or Equal 


or (N xor V) 


TGT 


Trap Greater 


ot (Z or (N xor 
) 


TLT 


Trap Less 


TGE 


Trap Greater or Equal 


ot (N xor V) 


TLS 


Trap Less or Equal Unsigned 


or Z 


THI 


Trap Greater Unsigned 


ot (C or Z) 


TC 


Trap Carry Set 


Z 
N 
Vv 
N xor V 
N 
C 
N 
C 


TNC 


Trap Carry Clear 


Not C 


T™N 


Trap Negative 


N 


TP 


Trap Positive 


Not N 


TV 


Trap Overflow Set 


V 


Trap Overflow Clear 


Not V 


Trap Never 


0 


Trap Always 


1 


Trap Immediate Equal 


Z 


Trap Immediate Not Equal 


Not Z 


Trap Immediate Less or Equal 


or (N xor V) 


Trap Immediate Greater 


ot (Z or (N xor 


Trap Immediate Less 


Y xor V 


Trap Immediate Greater or Equal 


Z 
N 
V)) 
N 
N 


Yot (N xor V) 


Trap Immediate Less or Equal Unsigned 


CorZ 


Trap Immediate Greater Unsigned 


Not (C or Z) 


Trap Immediate Carry Set 


C 


Trap Immediate Carry Clear 


Not C 


Trap Immediate Negative 


N 


Trap Immediate Positive 


Not N 


Trap Immediate Overflow Set 


V 


Trap Immediate Overflow Clear 


Not V 


Trap Immediate Never 


0 


Trap Immediate Always 
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1.5.10. Floating-point / media Conditional Trap 


Ope-code op Operation 
FT fcc 0000100 01 Floating-point/Media Conditional Trap 
FTI fcc 0011101 - Floating-point/Media Conditional Trap (Immediate) 
Category 
Control 


Instruction Format (Conditional instruction (R-R)) 


31 30 29 28 27 26.25 24 23 22 21 20 19 1817 1615 14131211109 8 765432 1 0 


| [cond fro: | op | aki] oe] 


Instruction Format (Conditional instruction (R-simm)) 


31 30 29 28 27 26.25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 1 0 


Tienes | | a 


Assembler Syntax 
FTfec FCCi, GRi, GRj 


FTNE : (L or G or U)== 

FTEQ :E=1 

FTLG : (L or G)==1 

FTUE : (E or U) ==1 

FTUL : (Lor U) ==1 

FTGE : (E or G) ==1 

FTLT : L==1 

FTUGE — :(Eor Gor U) = 

FTUG : (Gor U)== 

FTLE : (E or L) == 

FTGT :G= 

FTULE — :(EorLorU)== 

FTU : U== 

FTO : (E or L or G) == 
FTNO 


FTRA — GRi, GRj 
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FTlIfec FCCi, GRi, #812 

FTINE : (L or G or U)== 
FTIEQ :E= 

FTILG : (L or G)== 
FTIUE : (E or U) == 
FTIUL : (L or U) == 
FTIGE : (E or G) == 
FTILT :L== 

FTIUGE — : (Eor Gor U) == 
FTIUG : (G or U)== 
FTILE : (E or L) = 


FTIGT 1 G== 

FTIULE  : (EorLor U) == 

FTIU : U== 

FTIO : (E or L or G) == 
FTINO 


FTIRA  GRi, #812 


Description 


The floating-point / media conditional trap instruction evaluates the #cond field of FCCi. 
When the evaluation is true and the higher priority trap or interrupt requests are not deferred, 
the trap_instruction is generated. When the evaluation is false, it behaves like a NOP operation. 
When the trap instruction is generated, the tt field of the trap base register (TBR) is written 
with 128 plus the least significant seven bits of “GRi+GRj” (immediate instruction: “GRi + 
sign ext (#s12)’”) (sign_ext (X): X extended with a sign). 

If the break interrupt or the program interrupt occurs in the previous instruction in a same 
VLIW instruction, this instruction is not executed and software interrupt is not initiated. The 
multiple trap instructions are not put in a same VLIW instruction. 

The test condition of FCC shown by the content of the #cond field and the FCC is as follows. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


fp_ disabled 
trap_ instruction 


Detected Exceptions 


none 
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Table 9 Pseudo opecode 


Pseudo opecode Operation FCC test 
FTNE Trap Not Equal LorGorU 
Trap Equal E 

Trap Less or Greater LorG 
Trap Unordered or Equal EorU 
Trap Unordered or Less LorU 
Trap Greater or Equal EorG 
Trap Less L 

Trap Unordered or Greater or Equal E or GorU 
Trap Unordered or Greater GorU 
Trap Less or Equal EorL 

Trap Greater G 

Trap Unordered or Less or Equal EorLorU 
Trap Unordered U 

Trap Ordered EorLorG 
Trap Never 0 

Trap Always 1 
Trap Immediate Not Equal LorGorU 
Trap Immediate Equal E 

Trap Immediate Less or Greater LorG 
Trap Immediate Unordered or Equal EorU 
Trap Immediate Unordered or Less LorU 
Trap Immediate Greater or Equal EorG 
Trap Immediate Less L 

Trap Immediate Unordered or Greater or Equal EorGorU 
Trap Immediate Unordered or Greater GorU 
Trap Immediate Less or Equal EorL 

Trap Immediate Greater G 

Trap Immediate Unordered or Less or Equal EorLorU 
Trap Immediate Unordered U 

Trap Immediate Ordered EorLorG 
Trap Immediate Never 0 

Trap Immediate Always 1 


Q\O 


my | 


MalQ| A 


cy4a 
ies) 
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1.5.11. Break 
Ope-code op ope | Operation 
Break 0000100 11 Break Trap 
Category 

Control 


Instruction Format (Trap instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 14131211109 8 765 43 2 1 0 


Assembler Syntax 
BREAK 


Description 


The break interrupt occurs in the break instruction. 
When the break interrupt is detected, the tt field of the trap base register (TBR) is set to 255. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


none 


Detected Exceptions 


none 
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1.5.12. Media Trap 


Ope-code op ope | Operation 
Mtrap 0000100 10 Media Trap 
Category 

Control 


Instruction Format (Trap instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 0 


Assembler Syntax 
MTRAP 


Description 


The media trap instruction tests the msr.mtt and the msr.ov, and finds out whether the msr.mtt 
and the msr.ov are true or false. 

When the result is true, i.e. the exception factors are held by the msr, the media_exception is 
generated. When the result is false, the media_exception is not generated and it behaves like a 
nop operation. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_disabled 
mp_exception 


Detected Exceptions 


none 
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1.6. Constant Setting Instructions 


Ope-code op Operation 
SETLO 0111101 Set Low-Order unsigned 16 bits 
SETHI 0111110 Set High-Order 16 bits 
SETLOS Ol11111 Set Low-Order Signed 16 bits 
Category 

Integer 


Instruction Format (INT,Logic,Shift Operation (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 201918171615 14131211109 8 76543210 
i i 


Assembler Syntax 


SETHI #116, GRk 
SETLO #u16, GRk 
SETLOS _ #s16, GRk 


Description 


The SETHI instruction replaces the high-order 16 bits of the GRk with #s16. 
The SETLO instruction replaces the low-order 16 bits of the GRk with #s16. 
The SETLOS instruction sets sign extended #s16 data into the GRk. 


Operation example 


SETHI #0x1234,GRk 


#316 0x1234 


GRk start OxFFFFFFFF 


completed Ox1234FFFF 


SETLO #0x8888,GRk 


#316 0x8888 


GRk start 0x11112222 


completed 0x11118888 


SETLOS #0x89AB,GRk 
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#816 0x8 9AB 


GRk start 0x11112222 


completed OxFFFF89AB 
Registers altered (except destination register) 
none 


Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


none 
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1.7. Scan instruction 


1.7.1. Scan 


Ope-code Op Operation 
SCAN 0001011 SCAN 
SCANI 1000111 SCAN (Immediate) 
Category 
Integer 


Instruction Format (INT, Logic, Shift Operation (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 1413121110 9 8 7 65 43 2 1 0 


|] ork | | cet | 


Instruction Format (INT, Logic, Shift Operation (R-simm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 14131211109 8 7 65 43 2 10 


ee 


Assembler Syntax 
SCAN GRi, GRj, GRk 
SCANI GRi, #812, GRk 
Description 


The SCAN instruction shifts the value of GRj (immediate instruction : sign_ext (#s12)) to the 
right by 1 bit and extends with a sign, and executes XOR calculating on the value of GRi and 
the shifted-extended value of GRj, and writes the position of the highest-order bit of "1" in GRk 
as a result. So when the MSB of the result of XOR calculating is "1", the result is 0. When the 
LSB is "1" and the others bits are "0", the result is 31. When all of the bits as the result of XOR 
calculating are "0", the result of SCAN instruction is 0. 

Operation example 


SCAN GRi,GRj,GRk 


GRi 0x08888888 XOR, = 7 
hif oh Scans the highest-order bit of 
GRj 0x00000000 Snins to Tent "1" of XOR result and finds 
by | bit witha 


; the position 
sign 


GRk — completed 
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Registers altered (except destination register) 


none 


Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


none 
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1.8. Condition Code Operating Instructions 


1.8.1. Check for Integer Condition Code 


Ope-code op Operation 
CKicc 0001000 Check for Integer Condition code 
Category 

Branch 


Instruction Format (Checking Instruction) 


31 30 29 28 27 26 25 24 23 22 21 201918171615 14131211109 8 76543210 
[[wonsfeos] om | =i 


Assembler Syntax 


CKice ICCi, CCx (x = 4-7) 
CKEQ : 
CKNE : Z== 
CKLE : (Z or (N xor V))== 
CKGT : (Z or (N xor V))== 
CKLT : (N xor V)== 
CKGE : (N xor V)==0 
CKLS : (C or Z)== 


CKHI :(C or Z)== 
CKC C== 
CKNC C==0 
CKN N== 

CKP =0 
CKV V== 


CKNV _ : V==0 
CKNO CCx (x = 4-7) 
CKRA CCx (x= 4-7) 


Description 


The CKicc instruction tests ICCi according to the contents of #cond field, shown by Table 10 
The result of test is written into the condition code register for conditional instruction CCx, 
shown by Table 11. 
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Pseudo opecode 


Table 10 #cond field and Pseudo opecode 


Operation 


Instruction Set Reference 


ICC test 


CKEQ 


Check Equal 


Z 


CKNE 


Check Not Equal 


Not Z 


CKLE 


Check Less or Equal 


Z or (N xor V) 


CKGT 


Check Greater 


Not (Z or (N xor 
V)) 


CKLT 


Check Less 


N xor V 


CKGE 


Check Greater or Equal 


Not (N xor V) 


CKLS 


Check Less or Equal Unsigned 


CorZ 


CKHI 


Check Greater Unsigned 


Not (C or Z) 


CKC 


Check Carry Set 


C 


CKNC 


Check Carry Clear 


Not C 


CKN 


Check Negative 


N 


CKP 


Check Positive 


Not N 


CKV 


Check Overflow Set 


CKNV 


Check Overflow Clear 


CKNO 


Check Never 


CKRA 


Check Always 


Table 11 Result of ICC test and Value of CCCR(CCx) 


| Result of test value of cccr 


false 10 


true 11 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


none 


Detected Exceptions 


none 


59 


FR400 Series Instruction Set Manual 


1.8.2. Check for Floating-point/Media Condition Code 


Ope-code op Operation 
FCKfcc 0001001 Check for Floating-point/Media Conditional code 
Category 

Branch 


Instruction Format (Checking Instruction) 


31 30 29 28 27 26 25 24 23 22 21 2019 18 17 16 15 14131211109 8 765 43 2 10 
[eos foc] | id 


Assembler Syntax 


FCKfee FCCi, CCx (x = 0-3) 
FCKNE : (L or G or U) == 
FCKEQ : E== 
FCKLG : (L or G)== 
FCKUE : (E or U)== 
FCKUL : (L or U)== 
FCKGE : (E or G)== 
FCKLT : L== 
FCKUGE — :(Eor Gor U) = 
FCKUG : (Gor U)== 


FCKLE : (E or L)== 
FCKGT : G== 

FCKULE © :(EorLorU)=1 
FCKU : U== 

FCKO : (E or L or G) == 


FCKNO- CCx (x = 0-3) 
FCKRA  CCx (x = 0-3) 
Description 


Check for floating-point/media condition code instruction tests FCCi according to contents of 
#cond field shown by Table 12 . The result of test is written into the condition code register for 
conditional instruction CCx shown by Table 13. 
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Table 12 #cond field and Pseudo opecode 


Pseudo opecode Operation FCC test 
FCKNE Check Not Equal LorGorU 
FCKE Check Equal E 

FCKL Check Less or Greater LorG 
FCKU Check Unordered or Equal EorU 
FCKU Check Unordered or Less LorU 
FCKG Check Greater or Equal EorG 
FCKL Check Less L 

FCKU Check Unordered or Greater or Equal E or Gor U 
FCKU Check Unordered or Greater GorU 
FCKL Check Less or Equal EorL 
FCKGT Check Greater G 
FCKULE Check Unordered or Less or Equal EorLorU 
FCKU Check Unordered U 

FCKO Check Ordered EorLorG 
FCKNO Check Never 0 

FCKRA Check Always 1 


Table 13 Result of FCC test and value of CCCR(CCx) 


Result of test value of cccr 


false 10 
true 11 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


fp_ disabled 


Detected Exceptions 


none 
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1.8.3. Condition Code Logical Operations 


Ope-code op ope Operation 
ANDCR 0001010 001000 | AND CR 
ORCR 0001010 001001 | ORCR 
XORCR 0001010 001010 | XORCR 
NOTCR 0001010 001011 | NOTCR 


NANDCR 0001010 001100 | NANDCR 
NORCR 0001010 001101 | NORCR 
ANDNCR 0001010 010000 | NOT-AND CR 
ORNCR 0001010 010001 | NOT-OR CR 
NANDNCR 0001010 010100 | NOT-NAND CR 
NORNCR 0001010 010101 | NOT-NOR CR 


Category 


Branch 


Instruction Format (Condition code logic instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 14131211109 8 765 43 2 1 0 
|| - Jece{ om | - fece| ove | - oy 


Instruction Format (Condition code not instruction) 


31 30 29 28 27 26 25 24 23 22 21 201918171615 14131211109 8 76543210 


pL = fecef] oo | me ieey 


Assembler Syntax 


ANDCR CCx, CCy, CCz 
ORCR CCx, CCy, CCz 
XORCR CCx, CCy, CCz 
NOTCR CCy, CCz 

NANDCR_ CCx, CCy, CCz 
NORCR CCx, CCy, CCz 
ANDNCR_ CCx, CCy, CCz 
ORNCR CCx, CCy, CCz 
NANDNCR CCx, CCy, CCz 
NORNCR- CCx, CCy, CCz 


1 Instruction Set Reference 


Description 


Condition code logic instruction execute following logical operation between condition code 
for conditional instruction register specified by CCx and condition code for conditional 
instruction register specified by CCy. Condition code logic instruction deals with three kinds of 
values: true, false and undefined. 

ANDCR is specified by Table 15. 

ORCR is specified by Table 16 

XORCR is specified by Table 17 

NANDCR is specified by Table 18 

NORCR is specified by Table 19. 

ANDNCR is specified by Table 20 

ORNCR is specified by Table 21 

NANDNCR is specified by Table 22 

NORNCR is specified by Table 23 
The result of operation is written into condition code field specified by CCz. 
NOTCR instruction is specified by Table 24 and executes not-operation. 
operation is written into condition field specified by CCz. 
Pay attention that the result will change when CCx is exchanged for CCy in ANDCR, 
NANDCR, ANDNCR, ORNCR, NANDNCR and NORNCR. 
(Table 14 shows relation between values of CCCR and “true/false/undefined” in Table 15- 


The result of 
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Table 24.) 
Table 14 Values of CCCR(CCx, CCy and CCz) 
mean 
00 Undefined 
01 Undefined 
10 False 
11 True 
Table 15 ANDCR 
a CCy true false undefined 
true true false undefined 
false undefined | undefined | undefined 
undefined | undefined | undefined | undefined 
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Table 16 ORCR 


be CCy true false undefined 
true true true true 
false true false false 
undefined true false undefined 
Table 17 XORCR 
= CCy true false undefined 
true false true true 
false true false undefined 
undefined | undefined | undefined | undefined 
Table 18 NANDCR 
ae CCy true false undefined 
true false true undefined 
false undefined | undefined | undefined 
undefined | undefined | undefined | undefined 
Table 19 NORCR 
aes CCy true false undefined 
true false false false 
false false true true 
undefined false true undefined 
Table 20 ANDNCR 
ee CCy true false undefined 
true undefined | undefined | undefined 
false true false undefined 
undefined | undefined | undefined | undefined 
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Table 21 ORNCR 


ee CCy true false undefined 
true true false false 
false true true true 
undefined true false undefined 
Table 22 NANDNCR 
ce CCy true false undefined 
true undefined | undefined | undefined 
false false true undefined 
undefined | undefined | undefined | undefined 
Table 23 NORNCR 
es CCy true false undefined 
true false true true 
false false false false 
undefined false true undefined 
Table 24 NOTCR 
CCy 
true false 
false true 
undefined | undefined 


Registers altered (except destination register) 


CCCR 


Occurrence Exceptions 


none 


Detected Exceptions 


none 
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1.9. Special Operation Instructions 


1.9.1. Instruction Cache Invalidate 


Ope-code op ope Operation 
ICI 0000011 | 111000 | Instruction Cache Invalidate 
Category 

Control 


Instruction Format (Cache invalidate instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


pp |  e|me Tc 


Assembler Syntax 
ICI @(GRi1, GRj) 


Description 


Instruction Cache Invalidate instruction calculates “GRi+GRj” as an effective address and 
invalidates a block of instruction cache, which contains byte data specified by the effective 
address, if the block is in the instruction cache. 

This instruction invalidates the instruction cache regardless of the cache enable bit (HSRO.ICE). 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


instruction_access_error 
register_exception (unimplement_exception) 


Detected Exceptions 


none 
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1.9.2. Data Cache Invalidate 


Ope-code op ope Operation 
DCI 0000011 | 111100 | Data Cache Invalidate 
Category 

Control 


Instruction Format (Cache invalidate instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 0 
sc ec 


Assembler Syntax 
DCI @(GRi, GRj) 


Description 


Data Cache Invalidate instruction calculate “GRit+GRj” as an effective address and invalidates 
a block of data cache, which contains byte data specified by the effective address, if the block is 
in the data cache. 

The block is invalidated even if the block in the data cache is the latest one. 

This instruction invalidates the data cache regardless of the write-back/write-through mode 
(HSRO.CBM) and the state of the cache enable bit (HSRO.DCE). 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


data_access_error 
register_exception (unimplement_exception) 


Detected Exceptions 
none 
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1.9.3. Data Cache Flush 


Ope-code op ope Operation 
DCF 0000011 | 111101 | Data Cache flush 
Category 

Control 


Instruction Format (Cache invalidate instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 1 0 


po Tw ee Ta 


Assembler Syntax 
DCF @(GRi, GRj) 


Description 


Data Cache Flash instruction calculate “GRi+GRj” as an effective address and invalidates a 
block of data cache, which contains byte data specified by the effective address, if the block is 
in the data cache. When the block in the data cache is the latest data, the data is copied from 
data cache to memory. 
This instruction invalidates the data cache regardless of the write-back/write-through mode 
(HSRO.CBM) and the state of the cache enable bit (HSRO.DCE). 

Registers altered (except destination register) 


none 


Occurrence Exceptions 


data_access_error 
register_exception (unimplement_exception) 


Detected Exceptions 


none 
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1.9.4. Instruction Cache Entry Invalidate Instruction 


Ope code op ope Operation 
ICEI 0000011 111001 | Instruction Cache Entry Invalidate 
Category 

Control 


Instruction format (Instruction cache invalidate instruction (R — R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 14131211109 8 7654321 0 
[= da} Re 


Assembler description 
ICEI @(GRi,GR}),a 


Description 


When a block containing byte data pointed to by the entry calculated using “GRit+GRj” exists 
in the instruction cache, the instruction cache invalidate instruction invalidates that block. 
When bit “a” is 1, all entries in the instruction cache are invalidated. 
This instruction invalidates the cache independently of the cache validate bit (HSRO.ICE). 
This instruction is optional so it is not necessarily implemented. 

Registers altered (except destination register) 


None 


Occurrence Exceptions 


instruction_access_exception 

instruction_access MMU _miss 

instruction_access_error 

register_exception (unimplement_exception) 
Detected Exceptions 


None 
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1.9.5. Data Cache Entry Invalidate Instruction 


Ope code op ope Operation 
DCEI 0000011 111010 | Data Cache Entry Invalidate 
Category 

Control 


Instruction format (Data cache invalidate instruction (R — R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 
}] = fe} | te S| 


Assembler description 
DCEI @(GRi,GR}),a 


Description 


When a block containing byte data pointed to by the entry calculated using “GRit+GRj” exists 
in the data cache, the data cache invalidate instruction invalidates that block. When that block 
is the latest data, that block is discarded (but not flushed). 

When bit “a” is 1, all entries in the data cache are invalidated. 

This instruction invalidates the cache independently of the write back mode/write through mode 
(HSRO.CBM) and the cache validate bit (HSRO.DCE). 

This instruction is optional so it is not necessarily implemented. 


Registers altered (except destination register) 


None 


Occurrence Exceptions 


data_access_exception 

data_access MMU_miss 

data_access_error 

register_exception (unimplement_exception) 
Detected Exceptions 


None 
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1.9.6. Data Cache Entry Flush Instruction 


Ope code op ope Operation 
DCEF 0000011 111011 | Data Cache Entry Flush 
Category 

Cotrol 


Instruction format (Data cache invalidate instruction (R — R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765432 1 0 
pp fa} me 


Assembler description 
DCEF @(GRi,GR}),a 


Description 


When a block containing byte data pointed to by the entry calculated using “GRit+GRj” exists 
in the data cache, the data cache entry flush instruction invalidates that block. When that block 
is the latest data, that block is recorded in main memory. 

When bit “a” is 1, all entries in the data cache are invalidated. 

This instruction invalidates the cache independently of the write back mode/write through mode 
(HSRO.CBM) and the cache validate bit (HSRO.DCE). 

This instruction is optional so it is not necessarily implemented. 


Registers altered (except destination register) 


None 


Occurrence Exceptions 


data_access_exception 

data_access MMU_ miss 

data_access_error 

register_exception (unimplement_exception) 
Detected Exceptions 


None 
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1.9.7. Instruction Cache Pre-Load 

Ope-code op ope Operation 

ICPL 0000011 | 110000 | Instruction Cache Pre-Load 
Category 


Control 


Instruction Format (Instruction Cache Pre-Load Instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 


#lock 


Assembler Syntax 


ICPL GRi1, GRj, #lock 


Description 


The Instruction Cache Pre-Load Instruction pre-loads the data of the number of bytes which 
GRj shows from the address area specified by GRi to the instruction cache. When GR} is 0, the 
instruction pre-loads one block size of data which contains effective address shown by GRi. 

If lock bit is 1 and instruction cache has lock mechanism, the instruction locks the pre-loaded 
data. 

When the instruction cache for storage is already in the state of the lock, the instruction 
operates as NOP. 

If instruction cache is disabled(HSRO.ICE=0), the instruction operates as NOP. 

When the instruction_access_exception, instruction _access MMU_ miss, 
instruction_access_error is detected, the instruction operates as NOP and exception does not 
occur. 


Programming Notes 


In using this instruction, processor can lock instruction cache in every block. But lock 
mechanism of the instruction cache in an actual implementation often becomes the unit of way. 
Therefore it is effective to pre-load and to lock the capacity corresponding of each way of the 
instruction cache. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


register_exception 


Detected Exceptions 


none 
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1.9.8. Data Cache Pre-Load 


1 


Instruction Set Reference 


Ope-code op ope Operation 
DCPL 0000011 | 110100 | Data Cache Pre-Load 
Category 

Control 


Instruction Format (Data Cache Pre-Load Instruction(R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 1 0 


#lock 


Assembler Syntax 


DCPL 


Description 


GRi, GRj, #lock 


GRi 


GRj 


The Data Cache Pre-Load Instruction pre-loads the data of the number of bytes which GR] 
shows from the address area specified by GRi to the data cache. When GRj is 0, the instruction 
pre-loads one block size of data which contains effective address shown by GRi. 

If lock bit is 1 and data cache has lock mechanism, the instruction locks the pre-loaded data. 
When the data cache for storage is already in the state of the lock, the instruction operates as 


NOP. 


If data cache is disabled (HSRO.DCE=0), the instruction operates as NOP. 
When the data_access_exception, data_access MMU _ miss, data_access_error is detected, the 
as NOP and exception does not occur. 


instruction operates 


Programming Notes 


In using this instruction, processor can lock instruction cache every block. But lock mechanism 
of the data cache in an actual implementation often becomes the unit of way. Therefore it is 
effective to pre-load and to lock the capacity corresponding of each way of the data cache. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


register_exception 


Detected Exceptions 


none 
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1.9.9. Instruction Cache UnLock 


Ope-code op ope Operation 
ICUL 0000011 | 110001 | Instruction Cache UnLock 
Category 

Control 


Instruction Format (Instruction Cache UnLock Instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 1 0 


ee 


Assembler Syntax 
ICUL GRi 


Description 


The Instruction Cache UnLock Instruction unlocks instruction cache, which contain byte data 
specified by the effective address in GRi. 

The unit of unlocking (All or way or block) depends on implementation. 

If instruction cache is disabled (HSRO.ICE=0), the instruction operates as NOP. 


When the instruction_access_exception, instruction_access MMU_ miss, 
instruction_access_error is detected, the instruction operates as NOP and exception does not 
occur. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


register_exception 


Detected Exceptions 


none 
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1.9.10. Data Cache UnLock 


Ope-code op ope Operation 
DCUL 0000011 | 110101 | Data Cache UnLock 
Category 

Control 


Instruction Format (Data Cache UnLock Instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 0 


ee 


Assembler Syntax 
DCUL GRi 


Description 


The Data Cache UnLock Instruction unlocks data cache, which contain byte data specified by 
the effective address in GRi. 
The unit of unlocking (All or way or block) depends on implementation. 
If data cache is disabled (HSRO.DCE=0), the instruction operates as NOP. 
When the data_access_exception, data_access MMU_miss, data_access_error, is detected, the 
instruction operates as NOP and exception does not occur. 

Registers altered (except destination register) 


none 


Occurrence Exceptions 


register_exception 


Detected Exceptions 


none 
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1.9.11. Barrier 


Ope-code op ope Operation 
BAR 0000011 | 111110 | Barrier 
Category 

Control 


Instruction Format (Barrier Instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14131211109 8 7 65 4 3 2 1 0 


Assembler Syntax 
BAR 


Description 


The Barrier Instruction waits for the completion of the integer instructions, load/store 
instructions, floating-point instructions, and media instructions executed by processor before 
this instruction. 
If co-processor is synchronized mode (PSR.ECS=1), the instruction waits for the completion of 
the instruction executed by co-processor, too. 

Registers altered (except destination register) 


none 


Occurrence Exceptions 


none 


Detected Exceptions 


none 
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1.9.12. Memory Barrier 


Ope-code op ope Operation 


MEMBAR _| 0000011 | 111111 | Memory Barrier 


Category 
Control 


Instruction Format (Memory Barrier Instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14131211109 8 7 65 4 3 2 1 0 


Assembler Syntax 
MEMBAR 


Description 


The Memory Barrier Instruction waits for the completion of the load/store instructions, issued 
load/store instructions executed by processor before this instruction. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


none 


Detected Exceptions 


none 
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1.9.13. Load Real Address of Instruction (This instruction is available for MB93451.) 


Ope-code op ope Operation 
LRAI 0000011 | 100000 | Load Real Address of Instruction 
Category 

Control 


Instruction Format (Load Real Address of Instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 1615 14131211109 8 7 65 43 2 1 0 
jp] ork | Tari ve ffs] ~ 


Assembler Syntax 
LRAI GRi, GRk, #E, #D, #S 


Description 


LRAI instruction takes GRi as “VA” for searching IAMR/TLB and Implicit SAT entries to 
generate corresponding “RA” which is then returned in GRk. 
DAT mode is applied for the searching. 


If an entry is found in IAMR/TLB or in Implicit SAT entries and corresponding “RA” 
generation is successful, high order 18bits of “RA” and 14bits status code are stored in GRk. 


If IAMR/TLB and Implicit SAT entries are missed in search, “TLB miss exception” is reported 
when #D=0 or “MMU miss exception” is reported when #D=1 in STW(Software Table Walk) 
mode. Address translation and re-searching is performed by hardware in HTW(Hardware Table 
Walk) mode. 

If #E is set (to 1), above actions (exception report or hardware translation) are suppressed and 
instead all-0 in high order 18bits and 14bits status code are stored in GRk. 


#D/#S can be set (to 1) to suppress DAT/SAT entry search, respectively. If #D or #S is set then 
corresponding report of “MMU multiple hit exception” is also suppressed. If both #D and #8 
are set then 0x00000000 is stored in GRk and there’s no other side effect. 


In the below, the detail of the output format in GRk is explained: 
High order 18bits of GRk is set by high order 18bits of “RA” if its successfully generated, or is 


set by all-0 if failed 
Low order 14bits of GRk is not a part of “RA” but is the code in following format : 


bitl0: “1” indicates there was a hit in IAMR 
“0” indicates there was no hit in [AMR 
bit9-4 : If IAMR is hit, the IAMR number is set (0-63) 


If IAMR is missed, following code is set : 
0b000000 : all factors below was not detected 
0b000001 : TLB is hit 
0b000010 : Implicit SAT entry for FExxxxxx is hit 
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0b000011 : Implicit SAT entry for FFxxxxxx is hit 
0b001110 : the cause of “MMU multiple-hit exception” is detected 
(but not reported) 
*only possible when #E is | 
0b001111 : the cause of “TLB miss exception’”(#D=0) or “MMU miss 
exception”(#D=1) in STW mode or Address translation in HTW 
mode are detected (but not reported/translated) 
*only possible when #E is | 
bit3 : If “RA” is successfully generated : 
“1” indicates the area is supervisor protected 
“0” indicates the area is not supervisor protected 
“0” is set if “RA” is not generated 
bit2: If “RA” is successfully generated : 
“1” indicates the area is not cacheable 
“0” indicates the area is cacheable 
“0” is set if “RA” is not generated 


bitO : “1” indicates “RA” is successfully generated 
“0” indicates “RA” is not successfully generated 
else: Values to be set are “M-D” 


HSRO.EDAT is ignored during the execution of this instruction. 
GRk is not modified if the exception is reported. 


If this instruction is executed in MMU off mode, #E is assumed to be | regardless of the setting. 
If this instruction is executed in Compatible SAT mode, 0x00000000 is stored in GRk 
regardless of #E/#D/#S, and has no side effect. 

It will be “U-P” if state has changed from compatible SAT mode into MMU off mode without 
TLB/IAMR initialization. 


Registers altered (except destination register) 


Occurrence Exceptions 


register_exception 

privileged_ exception 

MMU _multiplehit_exception 
TLB_miss_exception (STW mode) 

MMU _miss_ exception (STW mode) 

DAT translation_exception (HTW mode) 


Detected Exceptions 
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1.9.14. Load Real Address of Data (This instruction is available for MB93451.) 


Ope-code Op ope Operation 
LRAD 0000011 | 100001 | Load Real Address of Data 
Category 

Control 


Instruction Format (Load Real Address of Instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 1615 14131211109 8 7 65 43 2 1 0 
jp] ork | Tari ve ffs] ~ 


Assembler Syntax 
LRAD GRi, GRk, #E, #D, #S 


Description 


LRAD instruction takes GRj as “VA” for searching DAMR/TLB and Implicit SAT entries to 
generate corresponding “RA” which is then returned in GRk. 
DAT mode is applied for the searching. 


If an entry is found in DAMR/TLB or in Implicit SAT entries and corresponding “RA” is 
successfully generated, high order 1 8bits of “RA” and 14bits status code are stored in GRk. 


If DAMR/TLB and Implicit SAT entries are missed in search, “TLB miss exception” is 
reported when #D=0 or “MMU miss exception” is reported when #D=1 in STW(Software 
Table Walk) mode. Address translation and re-searching is performed by hardware in 
HTW(Hardware Table Walk) mode. 

If #E is set (to 1), above actions (exception report or hardware translation) are suppressed and 
instead all-0 in high order 18bits and 14bits status code are stored in GRk. 


#D/#S can be set (to 1) to suppress DAT/SAT entry search, respectively. If #D or #S is set then 
corresponding report of “MMU multiple hit exception” is also suppressed. If both #D and #8 
are set then 0x00000000 is stored in GRk and there’s no other side effect. 


In the below, the detail of the output format in GRk is explained: 
High order 18bits of GRk is set by high order 18bits of “RA” if its successfully generated, or is 


set by all-O if its failed 
Low order 14bits of GRk is not a part of “RA” but is the code in following format : 


bitl0: “1” indicates there was a hit in DAMR 
“Q” indicates there was no hit in DAMR 
bit9-4 : If DAMR is hit, the DAMR number is set (0-63) 


If DAMR is missed, following code is set : 
0b000000 : all factors below was not detected 
0b000001 : TLB is hit 
0b000010 : Implicit SAT entry for FExxxxxx is hit 
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bit3 : 


bit2: 


bitl: 


bit0: 


else: 


1 Instruction Set Reference 


0b000011 : Implicit SAT entry for FFxxxxxx is hit 
0b001110 : the cause of “MMU multiple-hit exception” is detected. 
(but not reported) 
*only possible when #E is | 
0b001111 : the cause of “TLB miss exception’(#D=0) or “MMU miss 
exception”(#D=1) in STW mode or Address translation in HTW 
mode are detected (but not reported/translated) 
*only possible when #E is | 
If “RA” is successfully generated : 
“1” indicates the area is supervisor protected 
“0” indicates the area is not supervisor protected 
“0” is set if “RA” is not generated 
If “RA” is successfully generated : 
“1” indicates the area is not cacheable 
“0” indicates the area is cacheable 
“0” is set if “RA” is not generated 
If “RA” is successfully generated : 
“1” indicates the area is write protected 
“0” indicates the area is not write protected 
“0” is set if “RA” is not generated 
“1” indicates “RA” is successfully generated 
“0” indicates “RA” is not successfully generated 
Values to be set is “M-D” 


HSRO.EDAT is ignored during the execution of this instruction. 
GRk is not modified if the exception is reported. 


If this instruction is executed in MMU off mode, #E is assumed to be | regardless of the setting. 
If this instruction is executed in Compatible SAT mode, 0x00000000 is stored in GRk 
regardless of #E/#D/#S, and has no side effect. 

Tt will be “U-P” if state has changed from compatible SAT mode into MMU off mode without 
TLB/DAMR initialization. 


Registers altered (except destination register) 


Occurrence Exceptions 


register_exception 

privileged_ exception 

MMU _multiplehit_exception 
TLB_miss_exception (STW mode) 

MMU _miss_ exception (STW mode) 

DAT translation_exception (HTW mode) 


Detected Exceptions 
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1.9.15. TLB Probe (This instruction is available for MB93451.) 


Ope-code Op ope Operation 
TLBPR 0000011 | 100100 | TLB Probe 
Category 

Control 


Instruction Format (Load Real Address of Instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 
[= foo ff om Tort ome 


Assembler Syntax 
TLBPR GRi, GR], #opx, #L 


Description 


TLB is operated depending on the value of #opx. 


#opx=000: 
TLB is searched by “VA” (GRi+GRj) and Context number (TPLR.CXN), 
and the matched entry’s content is read out to TPR. 
If there is no entry matched, 0 is set to TPPR.V and all other fields of TPPR/TPLR are 
unchanged. 
Way number of read-out entry is set to TPXR.WAY. 
If no read-out occurs then | is set to TPXR.E, otherwise 0 is set to TPXR.E. 
* Tf multiple entries are hit on search, “MMU Multple-hit exception” is reported and 
TPXR.E is remained unchanged. 
* NG(Non global-share)-bit is refered but D(DAT entry)-bit is not refered. 
* If TLB is not mounted, it is treated as NOP 


#opx=001 : 
The entry, specified by “VA” (GRi+GRj) and Way number (TPXR.WAY), is read out 
from TLB to TPR. 
0 is always set to TPXR.E. 
* »V A” is used only to specify the line of TLB. 
*If TLB is not mounted, it is treated as NOP. 


#opx=010: 
TLB is searched by “VA” (GRi+GRj) and Context number (TPLR.CXN), 
and the content of TPR is written into “selected-entry” in TLB. 
If the search succeeded, the TPR is written into the hit-entry regardless of #L. 
If the search missed, the TPR is written into the entry of the line specified by “VA” and 
the “hardware-selected” way. The selection of line and way are “M-D.” The locked entry 
(L(Lock)-bit is set) may be selected if #L is 1 but no entry is selected if #L is 0. 
If TPR is successfully written into TLB, old content of the TLB entry is written back to 
TPLR/TPPR and the way number of the entry is set to TPXR.WAY. TPXR.E is also set 
to 0. 
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If TPR is not written into TLB, due for all entries locked when #L is 0, TPR are not 

modified except TPXR.E which is set to 1. 

* Tf multiple entries are hit on search, “MMU Miultple-hit exception” is reported and no 
TPR(including TPXR.E) are modified. 

* NG(Non Global-share)-bit is refered but D(DAT entry)-bit is not refered. 

* “7A” (GRi+GRj) should be corresponding to TPLR.VPFN otherwise it is “U-P” 

* Tf TLB is not mounted, it is treated as NOP 


#opx=011: 
The content of TPR is written into the entry specified by “VA” (GRi+GR}) and the Way 
number (TPXR.WAY), regardless of #L. 
0 is always set to TPXR.E and no other TPR is modified. 
* »V A” is used only to specify the line of TLB 
* »V A” (GRit+GRj) should be corresponding to TPLR.VPFN otherwise is “U-P” 
* If TLB is not mounted, it is treated as NOP 


* Hereinafter “the deletion of entry” means to make V(Valid)-bit of corresponding entry to 0. 
* Tt is “M-D” whether TPXR.E is modified for #opx=100-111. 


#opx=100: 
TLB is searched by “VA” (GRi+GRj) and Context number (TPLR.CXN), and all the hit- 
entries are deleted. 
But the global entries (NG(Non-global)-bit is 0) are not deleted. 
And if #L is 0, the locked entries (L(Lock)-bit set) are not deleted. 
* D(DAT entry)-bit is not refered. 
* “MMU Multple-hit exceptions” is not reported 
* If TLB is not mounted, it is treated as NOP 


#opx=101: 
Regarding the line specified by “VA” (GRit+GR]) of TLB, all the entries matched with 
Context number (TPLR.CXN) are deleted. 
All the entries matched with Context number (TPLR.CXN) of IAMR/DAMR are deleted 
at the same time. 
But the global entries (NG(Non-global)-bit is 0) are not deleted. 
And if #L is 0, the locked entries (L(Lock)-bit set) are not deleted. 
* “MMU Multple-hit exceptions” is not reported 
* If TLB is not mounted, it is treated as NOP 


#opx=110: 
Regarding the line specified by “VA” (GRi+GRj) of TLB, all the entries are deleted. 
But if #L is 0, the locked entries (L(Lock)-bit is set) are not deleted. 
* “MMU Multple-hit exceptions” is not reported 
* If TLB is not mounted, it is treated as NOP 


#opx=111: 
All the entries of IAMR/DAMR are deleted. 
But if #L is 0, the locked entries (L(Lock)-bit is set) are not deleted. 
* “MMU Multple-hit exceptions” is not reported 
* If TLB is not mounted, it is treated as NOP 


The value of HSRO.EXMMU/EIMMU/EDMMU are ignored when this instruction is performed. 
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Registers altered (except destination register) 
TPR 


Occurrence Exceptions 


register_exception 
privileged_instruction_exception 
MMU _multiplehit_exception 


Detected Exceptions 


84 


1 Instruction Set Reference 


1.10. Media Instructions 


1.10.1. Media Nop Instruction (M -Type Instruction) 


Ope-code op ope Operation 
MNOP 1111011 111011 | Media No Operation 
Category 

Media 


Instruction Format (Media instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 1615 14131211109 8 765 43 2 1 0 


Sr 


Assembler Syntax 
MNOP 


Description 


The MNOP instruction is a media type instruction. This instruction does nothing. 


Registers altered (except destination register) 


None 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


None 
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1.10.2. Logical Operations 


Ope-code op ope Operation 
wane 1111011 000000 | Media And 


1111011 000001 | Media OR 


OR 1111011 000010 | Media XOR 
MNOT 1111011 000011 | Media Not 


Category 


Media 
Single word 


Instruction Format (Media instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 1 0 


Instruction Format (Media NOT Operation (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 1413121110 9 8 7 6 5 4 3 2 1 :~0 


MAND FRi, FRj, FRk 
MOR FRi, FRj, FRk 
MXOR FRi, FRj, FRk 
MNOT FRj, FRk 
Description 
The media logical instructions execute logical operations of FRi and FRj bit by bit and write the 
result in FRk. 
Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception) 
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1.10.3. Rotate 


Ope-code op ope Operation 
MROTLI 1111011 000100 | Rotate Left Immediate 
MROTRI 1111011 000101 | Rotate Right Immediate 
Category 

Media 


Single word 


Instruction Format (Media instruction (R-imm6)) 


31 30 29 28 27 26 25 24 23 22 21 201918171615 14131211109 8 76543210 


Assembler Syntax 
MROTLI _ FRi, #s6, FRk 
MROTRI _ FRi, #s6, FRk 
Description 


The media rotate (Word) instruction rotates FRi by the number specified by low-order five bits 
of #s6 and writes the results in the FRk. 
The MROTLI instruction rotates FRi to the left. 
The MROTRI instruction rotates FRi to the right. 
The processing exception detected by the instruction is initiated by executing MTRAP 
instruction. 

Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception) 
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1.10.4. Word Cut 


Ope-code op ope Operation 
MWCUT 1111011 000110 | Word Data CUT from Doubleword Data 
MWCUTI 1111011 000111 | Word Data CUT from Doubleword Data (Immediate) 


Category 


Media 
Single word 


Instruction Format (Media instruction (R)) 


31 30 29 28 27 26 25 24 23 22 21 20191817 161514131211109 8 76543210 
Tm [| mi | o | | 


Instruction Format (Media instruction (imm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 
pf ree | RE Tome tt 


Assembler Syntax 


MWCUT _ FRi, FRj, FRk 
MWCUTI _ FRi, #u6, FRk 


Description 


The MWCUT instruction concatenates FRi and FRi+1, following FRi with FRi+1, and takes 
out 32 bits from the bit position specified by the lower 6 bits of FRj in the made 64 bits data, 
and writes the result in FRk. 
The MWCUTI instruction concatenates FRi and FRi+1, following FRi with FRi+1, and takes 
out 32 bits from the bit position specified by #u6 in the made 64 bits data, and writes the result 
in FRk. 

MSB is 0 and LSB is 63, and according to the specified bit position, 32 bits data is taken out 
from the 64 bits data which is made by concatenating FRi and FRi+1. When FR} is greater than 
32, “0” is written in the bits which are rest in low-order. 

The processing exception detected by the instruction is initiated by executing MTRAP 
instruction. 


Operation example 


MWCUT FRi, FRj, FRk 


FRi 0x12345678 


0x9ABCDEFO 


Takes out 32 bits of bit 36 


FRj (top is bit 0) from 64 bits 


data of FRi 


FRk completed 0xABCDEF00 
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Registers altered (except destination register) 


None 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception) 
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1.10.5. Average (Halfword Dual) 


Ope-code op ope Operation 
MAVEH 1111011 001000 | Dual Average Halfword 
Category 

Media 


Instruction Format (Media instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 201918171615 14131211109 8 76543210 
Tr [| ri | oe | | 


Assembler Syntax 
MAVEH __ FRi, FRj, FRk 


Description 


The media average instruction calculates “FRihi + FRjhi” and writes the result in FRkhi as 16- 
bit integer after 1 bit right arithmetic shifting and calculates “FRilo + FRjlo” and writes the 
result in FRklo as 16-bit integer after 1 bit right arithmetic shifting. 
When the result is an odd number, it is rounded to negative, minimum number. 
For example, 

3 -> (1.5) -> 1, 1->(0.5) -> 0, -1 -> (-0.5) ->-1, 

-3 -> (-1.5) -> -2 
The processing exception detected by the instruction is initiated by executing MTRAP 
instruction. 
(“FRihi” indicates the high-order 16 bits of FRi and “FRilo” indicates the low-order 16 bits) 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception) 
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1.10.6. Shift (Halfword Dual) 


Ope-code op ope Operation 
MSLLHI 1111011 001001 | Dual Shift Left Logical Halfword (Immediate) 
MSRLHI 1111011 001010 | Dual Shift Right Logical Halfword (Immediate) 
MSRAHI 1111011 001011 | Dual Shift Right Arithmetic Logical Halfword (Immediate) 
Category 
Media 


Instruction Format (Media instruction (R-R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 
a 


Assembler Syntax 


MSLLHI _ FRi, #86, FRk 
MSRLHI _ FRi, #86, FRk 
MSRAHI _ FRi, #86, FRk 


Description 


The media shift instruction (Halfword Dual) shifts FRihi and FRilo by the number specified by 
the shift-count, and writes the result in the FRkhi and FRklo. The shift-count is specified by 
low-order four bits of #s6. 

The MSLLHI instruction shifts FRihi and FRilo to the left by the value specified by the shift- 
count, replacing the vacated positions with zeros. 

The MSRLHI instruction shifts FRini and FRilo to the right by the value specified by the shift- 
count, replacing the vacated positions with zeros. 

The MSRAHI instruction shifts FRini and FRilo to the right by the value specified by the shift- 
count, replacing the vacated positions with highest bit of FRihi and FRilo. After that, this 
instruction rounds the result by the way specified by MSRO. 

The processing exception detected by the instruction is initiated by executing MTRAP 
instruction. 

(“FRihi” indicates the high-order 16 bits of FRi and “FRilo” indicates the low-order 16 bits) 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception) 
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1.10.7. Media Dual Rotate (Word Dual) Instruction 


Ope code op ope Operation 
MDROTLI 1111000 | 001011 Dual Rotate Left Immediate 
Category 

Media 


Instruction format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1009 8765 43 2 1 0 


Tore [ » | mm [| oe | #0 | 


Assembler description 
MDROTLI _ FRi,#s6,FRk 


Description 


The media dual rotate (Word Dual) instruction rotates FRi by the bit counts specified for lower 
5 bits of #s6 and then stores the result of this rotation in FRk. Simultaneously, the instruction 
rotates “FRi+1” by the bit counts specified for lower 5 bits of #s6 and then stores the result of 
this rotation in “FRk+1”. 

The MDROTLI instruction rotates FRi and “FRi+1” to the left. 

The register numbers of the Fri and FRk registers must be set to even numbers previously by 
software; when they are odd numbers, mp_ exception (register_not_aligned) is detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned) 
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1.10.8. Saturate (Halfword Dual) 


Ope-code op ope Operation 
MSATHS 1111011 001100 | Dual Saturation Halfword for Signed 
MSATHU 1111011 001101 | Dual Saturation Halfword for Unsigned 
Category 

Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 201918171615 14131211109 8 76543210 
a 


Assembler Syntax 


MSATHS _ FRi, FRj, FRk 
MSATHU _ FRi, FRj, FRk 


Description 


The MSATHS instruction saturates 16-bit signed integer data of FRihi within the range 
indicated by FRjhi and writes the result in FRkhi and saturates 16-bit signed integer data of 
FRilo within the range indicated by FRjlo and writes the result in FRklo. 

The data of FRi has two 16-bit signed integers. The data of FRj should be positive maximum 
numbers which are under Ox7fff and they should be “2"-1” as well. The result is undefined 
when FRj is not “2"-1”. 

The MSATHU instruction saturates 16-bit unsigned integer data of FRihi within the range 
indicated by FRjhi and writes the result in FRkhi and saturates 16-bit unsigned integer data of 
FRilo within the range indicated by FRjlo and writes the result in FRklo. 

The data of FRi has two 16-bit unsigned integers. The data of FRj should be positive maximum 
numbers which are under Oxffff and they should be “2"-1” as well. The result is undefined 
when FRj is not “2-1”. 

The processing exception detected by the instruction is initiated by executing MTRAP 
instruction. 

(“FRihi” indicates the high-order 16 bits of FRi and “FRilo” indicates the low-order 16 bits) 


Operation example 


MSATHS _ FRi, FRj, FRk 
Saturates 0x 1234 


by 0x1 FFF 
oe ar Coot eee” Cemiinr cmmoaieermrr ay pSaturates 0x89AB 
by 0x03FF 
® 


4 


FRj ere re 


FRk completed 
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Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception) 
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1.10.9. Media Quad Saturation Operation (Halfword Quad) Instruction 


Ope code op ope Operation 
MQSATHS 1111000 | 001111 Quad Saturation Halfword for Signed 
Category 

Media 


Instruction format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 


Tom [ » | m | o | © | 


Assembler description 


MQSATHS 


Description 


FRi,FRj,FRk 


The MQSATHS instruction performs signed saturating for FRihi in the range shown by FRjhi 
and then stores the result in FRkhi. Simultaneously, the instruction performs signed saturating 
for FRilo in the range shown by FRjlo and then stores the result in FRklo. Simultaneously, the 
instruction performs signed saturating for “FRi+1hi” in the range shown by “FRj+1hi” and then 
stores the result in “FRk+1hi”. Simultaneously, the instruction performs signed saturating for 
“FRi+1lo” in the range shown by “FRj+1lo” and then stores the result in “FRk+11o”. 

FRi data and “FRit+1” data are two pairs of signed integer halfwords. FRj data and “FRj+1” 
data are two pairs of maximum positive values below 0x7fff to be subjected to saturation, and 
must be “2"— 1”. When FRjhi, FRjlo, “FRj+1hi”, and “FRj+1lo” are not “2" — 1”, the result is 
undefined. 

The register numbers of the FRi, FRj, and FRk registers must be set to even numbers previously 
by software; when they are set to an odd numbers, mp_exception (register_not_aligned) is 
detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 


Registers altered (except destination register) 


MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned) 
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1.10.10. Media Absolute Value Operation (Halfword Dual) Instruction 


Ope code op ope Operation 
MABSHS 1111000 | 001010 | Dual Absolute 
Category 

Media 


Instruction format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765432 1 0 


Se 


Assembler description 
MABSHS FRj,FRk 


Description 


The MABSHS instruction stores the absolute value of FRjhi in FRkhi and simultaneously 
stores the absolute value of FRjlo in FRklo. When the input value is 0x8000 (maximum 
negative value), mp_exception (overflow) is detected, the result (Ox7FFF) obtained after signed 
saturating is stored in the register, and msr.ovf is set to 1. 
For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 

Registers altered (except destination register) 


MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, overflow) 
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1.10.11. Compare (Halfword Dual) 


Ope-code op ope Operation 


MCMPSH 1111011 001110 | Compare Signed Halfword (Halfword Dual) 
MCMPUH 1111011 001111 | Compare Unsigned (Halfword Dual) 


Category 
Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14131211109 8 765 43210 


Assembler Syntax 


MCMPSH _- FRi, FRj, FCCk 
MCMPUH  FRi, FRj, FCCk 


Description 


The MCMPSH instruction compares FRihi with FRjhi as 16-bit signed integer and sets FCCk , 
and compares FRilo with FRjlo as 16-bit signed integer and sets FCCk+1. The FCC is set 
according to the following table. 

The MCMPUH instruction compares FRihi with FRjhi as 16-bit unsigned integer and sets 
FCCk , and compares FRilo with FRjlo as 16-bit unsigned integer and FCCk+1. The FCC is set 
according to the following table. 

It is necessary to set FCCk as an even number with software. If FCCk is an odd number, 
mp_exception(cr_not_aligned) occur. 

The processing exception detected by the instruction is initiated by executing MTRAP 


instruction. 
FCCk condition 
3(EQ) FRix = FRjx (““x” is “ hi” or “ lo”) 
2(LT) FRix < FRjx (“‘x” is “ hi” or “ lo”) 
1(GT) FRix > FRjx (“‘x” is “hi” or “‘lo’’) 
0(UO) (None) 


Registers altered (except destination register) 
FCCk,FCCk+1 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception, cr_not_aligned) 
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1.10.12. Add / Subtract with Saturation (Halfword Dual) 


Ope-code op ope Operation 
MADDHSS 1111011 010000 | Dual Add Signed Halfword with Saturation 
MADDHUS 1111011 010001 | Dual Add Unsigned Halfword with 


Saturation 
MSUBHSS 1111011 010010 | Dual Subtract Signed Halfword with Saturation 
MSUBHUS 1111011 010011 | Dual Subtract Unsigned Halfword with Saturation 


Category 
Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 2019 18171615 14131211109 8 76543210 
‘Tom | o | mi | o | | 


Assembler Syntax 


MADDHSS FRi, FRj, FRk 
MADDHUS FRi, FRj, FRk 
MSUBHSS. FRi, FRj, FRk 
MSUBHUS FRi, FRj, FRk 


Description 


The MADDHSS instruction calculates “FRihi +FRjhi “ and writes the result in FRkhi as 16-bit 
integer after signed saturation processing, and calculates “FRilo +FRjlo “ and writes the result in 
FRkio as 16-bit integer after signed saturation processing. When the operation results overflow 
and the result is a positive number, the instruction writes positive, maximum number (0x7fff) in 
each halfword of FRk, or when the operation results overflow and the result is a negative 
number, the instruction writes negative, minimum number (0x8000) in each halfword of FRk. 
The MADDHUS instruction calculates “FRihi +FRjhi“ and writes the result in FRkhi as 16-bit 
integer after unsigned saturation processing, and calculates “FRilo +FRjlo “ and writes the result 
in FRklo as 16-bit integer after unsigned saturation processing. When the operation results 
overflow, the instruction writes positive, maximum number (Oxffff) in each halfword of FRk. 
The MSUBHSS instruction calculates “FRihi - FRjhi “ and writes the result in FRkni as 16-bit 
integer after signed saturation processing, and calculates “FRilo -FRjlo “ and writes the result in 
FRkio as 16-bit integer after signed saturation processing. When the operation results overflow 
and the result is positive number, the instruction writes positive, maximum number (0x7fff) in 
each halfword of FRk , or when the operation results overflow and the result is negative 
number, the instruction writes negative, minimum number (0x8000) in each halfword of FRk. 
The MSUBHUS instruction calculates “FRihi - FRjhi“ and writes the result in FRkhi as 16-bit 
integer after unsigned saturation processing, and calculates “FRilo -FRjlo“ and writes the result 
in FRklo as 16-bit integer after unsigned saturation processing. When the operation results 
overflow, the instruction writes minimum number (0) in each halfword of FRk 

When the result is overflow, “1” is set in the msr.ovf. The processing of the exception detected 
by the instruction is initiated by executing MTRAP instruction. 

(“FRihi” indicates the high-order 16 bits of FRi, and “FRilo” indicates the low-order 16 bits of 
FRi.) 
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Operation example 
MSUBHUS FRi, FRj, FRk 


FRi rp—-,=6 
Saturates OxFFFE i 
by OxFFFF 
FRj 


Saturates -1 
by 0x0000 


FRk completed OxFFFE ze PeuaGawits éWoxectuctaweaeesesetiwtavecsscuacacvetctancee 4 


Registers altered (except destination register) 


MSR 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception, overflow) 
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1.10.13. Multiply (Halfword Dual) 


Ope-code op ope Operation 


MMULHS 1111011 010100 | Dual Multiply Signed Halfword 
MMULHU 1111011 010101 | Dual Multiply Unsigned Halfword 


Category 
Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 0 


[sce [| mi | oe | | 


Assembler Syntax 


MMULHS _ FRi, FRj, ACCk 
MMULHU  FRi, FRj, ACCk 


Description 


The MMULHS instruction signed multiplies FRini by FRjhi and writes the result in the 
accumulator which concatenates ACCGk and ACCk as 40-bit integer, and signed multiplies 
FRilo by FRjlo and writes the result in the accumulator which concatenates ACCGk+1 and 
ACCk+1 as 40-bit integer. 

The MMULHU instruction unsigned multiplies FRini by FRjhi and writes the result in the 
accumulator which concatenates ACCGk and ACCk as 40-bit integer, and unsigned multiplies 
FRilo by FRjlo and writes the result in the accumulator which concatenates ACCGk+1 and 
ACCk+1 as 40-bit integer. 

It is necessary to set the accumulator number of ACCKk as an even number with software. If the 
accumulator number of ACCk is an odd number, the mp_ exception (acc_not_aligned) occurs. 
The instruction can not change the value of msr.ovf. The processing of the exception detected 
by the instruction is initiated by executing MTRAP instruction. 

(“FRihi” indicates the high-order 16 bits of FRi, and “FRilo” indicates the low-order 16 bits of 
FRi.) 


Operation example 


MMULHS _ FRi, FRj, ACCk 


FRi 


FRj 


+0 
ACCk completed 


100 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, acc_not_aligned, overflow) 
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1.10.14. Cross Multiply (Halfword Dual) 


Ope-code op ope Operation 


MMULXHS 1111011 | 101000 | Dual Cross Multiply Signed Halfword 
MMULXHU. 1111011 | 101001 | Dual Cross Multiply Unsigned Halfword 


Category 
Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 119 1817 1615 14131211109 8 765 432 1 0 


[ace [| mm | om | mY 


Assembler Syntax 


MMULXHS FRi1, FRj, ACCk 
MMULXHUERi, FRj, ACCk 


Description 


The MMULXHS instruction signed multiplies FRihi by FRjlo and writes the result in the 
accumulator which concatenates ACCGk and ACCk as 40-bit integer, and signed multiplies 
FRilo by FRjhi and writes the result in the accumulator which concatenates ACCGk+1 and 
ACCk+1 as 40-bit integer. 

The MMULXHU instruction unsigned multiplies FRihi by FRjlo and writes the result in the 
accumulator which concatenates ACCGk and ACCk as 40-bit integer, and unsigned multiplies 
FRilo by FRjhi and writes the result in the accumulator which concatenates ACCGk+1 and 
ACCk+1 as 40-bit integer. 

It is necessary to set the accumulator number of ACCk as an even number with software. If the 
accumulator number of ACCk is an odd number, the mp_exception (acc_not_aligned) occurs. 
The instruction can not change the value of msr.ovf. The processing of the exception detected 
by the instruction is initiated by executing MTRAP instruction. 

(“FRihi” indicates the high-order 16 bits of FRi, and “FRilo” indicates the low-order 16 bits of 
FRi.) 


Operation example 


MMULXHS FRi, FRj, ACCk 


FRi 
FRj 


ACCk completed ™ 
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Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, acc_not_aligned, overflow) 
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FR400 Series Instruction Set Manual 


1.10.15. Multiply and Accumulate (Halfword Dual) 


Ope-code op ope Operation 


MMACHS 1111011 010110 | Dual Multiply and Accumulate Signed Halfword 
MMACHU 1111011 010111 | Dual Multiply and Accumulate Unsigned Halfword 


Category 
Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 


sac | we) ae ramet I oe 


Assembler Syntax 


MMACHS _ FRi, FRj, ACCk 
MMACHU FRi, FRj, ACCk 


Description 


The MMACHS instruction singed multiplies FRihi by FRjhi and adds the result to the 40-bit 
accumulator which concatenates ACCGk and ACCKk, and signed multiplies FRilo by FRjlo and 
adds the result to the 40-bit accumulator which concatenates ACCGk+1 and ACCk+1. When 
the result is overflow, the result is written in the accumulator after saturated to signed value and 
msr.ovf is set to 1. 

The MMACHU instruction unsigned multiplies FRini by FRjhi and adds the result to the 40-bit 
accumulator which concatenates ACCGk and ACCk, and unsigned multiplies FRilo by FRjlo 
and adds the result to the 40-bit accumulator which concatenates ACCGk+1 and ACCk+1. 
When the result is overflow, the result is written in the accumulator after saturated to unsigned 
value and msr.ovf is set to 1. 

It is necessary to set the accumulator number of ACCk as an even number with software. If the 
accumulator number of ACCk is an odd number, the mp_ exception (acc_not_aligned) occurs. 
When the result of addition cause the overflow, “1” is set in the msr.ovf. The processing of the 
exception detected by the instruction is initiated by executing MTRAP instruction. 

(“FRihi” indicates the high-order 16 bits of FRi, and “FRilo” indicates the low-order 16 bits of 
FRi.) 
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Operation example 
MMACHS _FRi, FR}, ACCk 


FRi 


FRj 


ACCk Start 


completed “ 


Registers altered (except destination register) 


MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, acc_not_aligned, overflow) 
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1.10.16. Multiply and Subtract (Halfword Dual) 


Ope-code op ope Operation 
MMRDHS 1111011 110000 | Dual Multiply and Subtract Signed Halfword 
MMRDHU 1111011 110001 | Dual Multiply and Subtract Unsigned Halfword 


Category 
Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 201918171615 14131211109 8 76543210 
Lace [om | mi | oe | 


Assembler Syntax 


MMRDHS _FRi, FRj, ACCk 
MMRDHU FRi, FRj, ACCk 


Description 


The MMRDHS instruction signed multiplies FRihi by FRjhi and subtracts the result from the 
40-bit accumulator which concatenates ACCGk and ACCk, and signed multiplies FRilo by 
FRjlo and subtracts the result from the 40-bit accumulator which concatenates ACCGk+1 and 
ACCk+1. When the result is overflow, the result is written in the accumulator after saturated to 
signed value and msr.ovf is set to 1. 

The MMRDHU instruction unsigned multiplies FRini by FRjni and subtracts the result from the 
40-bit accumulator which concatenates ACCGk and ACCk, and unsigned multiplies FRilo by 
FRjlo and subtracts the result from the 40-bit accumulator which concatenates ACCGk+1 and 
ACCk+1. When the result is overflow, the result is written in the accumulator after saturated to 
unsigned value(0) and msr.ovf is set to 1. 

It is necessary to set the accumulator number of ACCKk as an even number with software. If the 
accumulator number of ACCk is an odd number, the mp_exception(acc_not_aligned) occurs. 
When the result of subtraction cause the overflow, “1” is set in the msr.ovf. The processing of 
the exception detected by the instruction is initiated by executing MTRAP instruction. 

(“FRihi” indicates the high-order 16 bits of FRi, and “FRilo” indicates the low-order 16 bits of 
FRi.) 
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Operation example 


MMRDHS _FRi, FRj, ACCk 


FRi 


FRj 


ACCk Start 


completed “ 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, acc_not_aligned, overflow) 
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1.10.17. Add / Subtract with Saturation (Halfword Quad) 


Ope-code op ope Operation 
MQADDHSS 1111011 | 011000 | Quad Add Signed Halfword with Saturation 


MQADDHUS 1111011 | 011001 | Quad Add Unsigned Halfword with Saturation 
MQSUBHSS 1111011 | 011010 | Quad Subtract Signed Halfword with Saturation 
MQSUBHUS 1111011 | 011011 | Quad Subtract Unsigned Halfword with Saturation 


Category 
Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 1918171615 14131211109 8 76543210 
me [|e | mi | oe | Ri 


Assembler Syntax 


MQADDHSS FRi, FRj, FRk 
MQADDHUS FRi, FRj, FRk 
MQSUBHSS FRi, FRj, FRk 
MQSUBHUS FRi, FRj, FRk 


Description 


The MQADDHSS instruction calculates “FRihi +FRjhi* and writes the result in FRkhi as 16-bit 
integer after signed saturation processing, and calculates “FRilo +FRjlo” and writes the result in 
FRkio as 16-bit integer after signed saturation processing. When the operation results overflow 
and the result is positive number, the instruction writes positive, maximum number (0x7fff) in 
each halfword of FRk, or when the operation results overflow and the result is negative number, 
the instruction writes negative, mintmum number (0x8000) in each halfword of FRk. 

It also calculates “FRi+1hi +FRj+Ihi” and writes the result in FRk+Ihi as 16-bit integer after 
signed saturation processing, and calculates “FRit+llo +FRjt+llo” and writes the result in 
FRk+llo as 16-bits integer after signed saturation processing. When the operation results 
overflow and the result is positive number, the instruction writes positive, maximum number 
(Ox7fff) in each halfword of FRk+1, or when the operation results overflow and the result is 
negative number, the instruction writes negative, minimum number (0x8000) in each halfword 
of FRk+1. 

The MQADDHUS instruction calculates “FRihi +FRjhi” and writes the result in FRkhi as 16-bit 
integer after unsigned saturation processing, and calculates “FRilo +FRjlo” and writes the result 
in FRklo as 16-bit integer after unsigned saturation processing. When the operation results 
overflow, the instruction writes positive, maximum number (Oxffff) in each halfword of FRk. 

It also calculates “FRit+1hi +FRj+Ihi” and writes the result in FRk+1lhi as 16-bit integer after 
unsigned saturation processing, and calculates “FRit+llo +FRj+llo” and writes the result in 
FRk+1llo as 16-bit integer after unsigned saturation processing. When the operation results 
overflow, the instruction writes positive, maximum number (Oxffff) in each halfword of FRk+1. 
The MQSUBHSS instruction calculates “FRini -FRjhi” and writes the result in FRKhi as 16-bit 
integer after signed saturation processing, and calculates “FRilo -FRjlo” and writes the result in 
FRkio as 16-bit integer after signed saturation processing. When the operation results overflow 
and the result is positive number, the instruction writes positive, maximum number (0x7fff) in 
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each halfword of FRk, or when the operation results overflow and the result is negative number, 
the instruction writes negative, mintmum number (0x8000) in each halfword of FRk. 

It also calculates “FRi+1hi -FRj+1hi” and writes the result in FRk+I1hi as 16-bit integer after 
signed saturation processing, and calculates “FRit+llo -FRj+llo” and writes the result in 
FRk+llo as 16-bit integer after signed saturation processing. When the operation results 
overflow and the result is positive number, the instruction writes positive, maximum number 
(Ox7fff) in each halfword of FRk+1, or when the operation results overflow and the result is 
negative number, the instruction writes negative, minimum number (0x8000) in each halfword 
of FRk+1. 

The MQSUBHUS instruction calculates “FRihi -FRjhi” and writes the result in FRkhi as 16-bit 
integer after unsigned saturation processing, and calculates “FRilo -FRjlo” and writes the result 
in FRklo as 16-bit integer after unsigned saturation processing. When the operation results 
overflow and the result is a negative number , the instruction writes minimum number (0x0) in 
each halfword of FRk. 

It also calculates “FRi+1hi -FRj+1hi” and writes the result in FRk+1hi as 16-bit integer after 
unsigned saturation processing, and calculates “FRit+llo -FRj+llo” and writes the result in 
FRk+llo as 16-bit integer after unsigned saturation processing. when the operation results 
overflow and the result is a negative number, the instruction writes minimum number (0x0) in 
each halfword of FRk+1. 

It is necessary to set the register number of FRi, FRj and FRk in an even number with software. 
If the register number of FRi, FRj or FRk is an odd number, the mp_exception 
(register_not_aligned) occur. 

When the operation results overflow, the instruction writes the saturated number in each FRk or 
FRk+1 and “1” is set in the msr.ovf. The processing of the exception detected by the 
instruction is initiated by executing MTRAP instruction. 

(“FRihi” indicates the high-order 16 bits of FRi, and “FRilo” indicates the low-order 16 bits of 
FRi.) 


Operation example 


MQADDHSS ___ FRi, FRj, FRk 


FRi | a | 5 4 Sree ene Mer r+,= e-. 


Saturates 12 
by 0x7FFF 


Saturates 0x08003 


by 0x7FFF 
>+,=e 
Saturates -15 
by 0x8000 
FRj+1 : : 
Saturates 0x1 7FFA 


by 0x8000 
FRkK+1 completed OX 8000 Mdrcsststteeeseeesseessseesseeenseesseeesseenseeeneeey : 
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Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, overflow) 
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1.10.18. Multiply (Halfword Quad) 


Ope-code op ope Operation 


MQMULHS 1111011 | 011100 | Quad Multiply Signed Halfword 
MQMULHU 1111011 | 011101 | Quad Multiply Unsigned Halfword 


Category 
Media 


Instruction Format (Media accumulator instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 


[sce [| mi | oe | | 


Assembler Syntax 


MQMULHS FRi, FRj, ACCk 
MQMULHU FRi, FRj, ACCk 


Description 


The MQMULHS instruction signed multiplies FRihi by FRjhi and writes the result in the 40-bit 
accumulator which concatenates ACCGk and ACCk, and signed multiplies FRilo by FRjlo and 
writes the result in the 40-bit accumulator which concatenates ACCGk+1 and ACCk+1, and 
signed multiplies FRi+1hi by FRj+1hi and writes the result in the 40-bit accumulator which 
concatenates ACCGk+2 and ACCk+2, and signed multiplies FRi+1lo by FRj+Ilo and writes the 
result in the 40-bit accumulator which concatenates ACCGk+3 and ACCk+3. 

The MQMULHU instruction unsigned multiplies FRihi by FRjhi and writes the result in the 40- 
bit accumulator which concatenates ACCGk and ACCk, and unsigned multiplies FRilo by FRjlo 
and writes the result in the 40-bit accumulator which concatenates ACCGk+1 and ACCk+1, 
and unsigned multiplies FRit+1hi by FRj+Ihi and writes the result in the 40-bit accumulator 
which concatenates ACCGk+2 and ACCk+2, and unsigned multiplies FRit+1]1lo by FRj+1lo and 
writes the result in the 40-bit accumulator which concatenates ACCGk+3 and ACCk+3. 

It is necessary to set the register number of FRi and FRj as an even number with software. If 
the register number of FRi or FRj is an odd number, the mp_exception (register_not_aligned) 
occurs. 

It is necessary to set the accumulator number of ACCKk as a multiple of four. If the accumulator 
number of ACCk is not a multiple of four, the mp_exception (acc_not_aligned) occurs. 

The instructions can not change the value of msr.ovf. 

(“FRihi” indicates the high-order 16 bits of FRi, and “FRilo” indicates the low-order 16 bits of 
FRi.) 
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Operation example 


MQMULHS  FRi, FRj, ACCk 


FRi 


FRj 


+0 
ACCk completed 


FRi+1 lox7FFF [0x8000 ecaescall taceruet ees: >* =e. 


FRj+1 


+2 
ACCk completed Ox003FFFO001 
+3 
OxFF40000000 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, acc_not_aligned ) 
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1.10.19. Cross Multiply (Halfword Quad) 


Ope-code op ope Operation 


MQMULXHS 1111011 | 101010 | Quad Cross Multiply Signed Halfword 
MQMULXHU 1111011 | 101011 Quad Cross Multiply Unsigned Halfword 


Category 
Media 


Instruction Format (Media accumulator instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 1918171615 14131211109 8 76543210 
[ace [om | mi | oe | 


Assembler Syntax 


MQMULXHS __ FRi, FRj, ACCk 
MQMULXHU __ FRi, FRj, ACCk 


Description 


The MQMULXHS instruction signed multiplies FRihi by FRjlo and writes the result in the 40- 
bit accumulator which concatenates ACCGk and ACCk, and signed multiplies FRilo by FRjhi 
and writes the result in the 40-bit accumulator which concatenates ACCGk+1 and ACCk+1, 
and signed multiplies FRi+1hi by FRj+1lo and writes the result in the 40-bit accumulator which 
concatenates ACCGk+2 and ACCk+2, and signed multiplies FRi+1lo by FRj+Ihi and writes the 
result in the 40-bit accumulator which concatenates ACCGk+3 and ACCk+3. 

The MQMULXHU instruction unsigned multiplies FRihi by FRjlo and writes the result in the 
40-bit accumulator which concatenates ACCGk and ACCk, and unsigned multiplies FRilo by 
FRjhi and writes the result in the 40-bit accumulator which concatenates ACCGk+1 and 
ACCk+1, and unsigned multiplies FRit+lhi by FRj+Ilo and writes the result in the 40-bit 
accumulator which concatenates ACCGk+2 and ACCk+2, and unsigned multiplies FRi+1lo by 
FRj+Ihi and writes the result in the 40-bit accumulator which concatenates ACCGk+3 and 
ACCk+3. 

It is necessary to set the register number of FRi and FRj as an even number with software. If 
the register number of FRi or FRj is an odd number, the mp_exception (register_not_aligned) 
occurs. 

It is necessary to set the accumulator number of ACCKk as a multiple of four. If the accumulator 
number of ACCk is not a multiple of four, the mp_exception (acc_not_aligned) occurs. 

The instructions can not change the value of msr.ovf, holding the previous value. 

(“FRihi” indicates the high-order 16 bits of FRi, and “FRilo” indicates the low-order 16 bits of 
FRi.) 
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Operation example 


MQMULXHS FRi, FRj, ACCk 


FRi 


FRj 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, acc_not_aligned ) 
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1.10.20. Multiply and Accumulate (Halfword Quad) 


Ope-code op ope Operation 


MQMACHS 1111011 | 011110 | Quad Multiply and Accumulate Signed Halfword 
MQMACHU 1111011 | O11111 | Quad Multiply and Accumulate Unsigned Halfword 


Category 
Media 


Instruction Format (Media accumulator instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 1918171615 14131211109 8 76543210 
[ace [om | mi | oe | 


Assembler Syntax 


MQMACHS FRi, FRj, ACCk 
MQMACHUEFRi, FRj, ACCk 


Description 


The MQMACHS instruction signed multiplies FRihi by FRjhi and adds the result to the 40-bit 
accumulator which concatenates ACCGk and ACCKk, and signed multiplies FRilo by FRjlo and 
adds the result to the 40-bit accumulator which concatenates ACCGk+1 and ACCk+1, and 
signed multiplies FRit+1hi by FRj+lhi and adds the result to the 40-bit accumulator which 
concatenates ACCGk+2 and ACCk+2, and signed multiplies FRi+1llo by FRj+llo and adds the 
result to the 40-bit accumulator which concatenates ACCGk+3 and ACCk+3. When the result 
is overflow, the result is written in the accumulator after saturated to signed value and msr.ovf 
is set to 1. 

The MQMACHU instruction unsigned multiplies FRihi by FRjhi and adds the result to the 40- 
bit accumulator which concatenates ACCGk and ACCk, and unsigned multiplies FRilo by FRjlo 
and adds the result to the 40-bit accumulator which concatenates ACCGk+1 and ACCk+1, and 
unsigned multiplies FRi+1hi by FRj+I1hi and adds the result to the 40-bit accumulator which 
concatenates ACCGk+2 and ACCk+2, and unsigned multiplies FRit+11o by FRj+Ilo and adds 
the result to the 40-bit accumulator which concatenates ACCGk+3 and ACCk+3. When the 
result is overflow, the result is written in the accumulator after saturated to unsigned value and 
msr.ovf is set to 1. 

It is necessary to set the register number of FRi and FRj as an even number with software. If 
the register number of FRi or FRj is an odd number, the mp_exception (register_not_aligned) 
occurs. 

It is necessary to set the accumulator number of ACCk as a multiple of four with software. If 
the accumulator number of ACCk is not a multiple of four, the mp_exception (acc_not_aligned) 
occurs. 

When the result of addition is overflow, “1” is set in msr.ovf. 

The processing of the exception detected by the instruction is initiated by executing MTRAP 
instruction. 

(“FRihi” indicates the high-order 16 bits of FRi, and “FRilo” indicates the low-order 16 bits of 
FRi.) 
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Operation example 


MQMACHS FRi, FRj, ACCk 


FRi+0 


FRj+0 


ACCk Start 


completed “ 


FRi+1 


FRj+1 


ACCk Start 


completed * 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, acc_not_aligned , overflow) 
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1.10.21. Media ACC Cross Quad Multiply and Accumulation (Halfword Quad) Instruction) 


Ope code op ope Operation 
MQXMACHS | 1111000 | 000000 | Quad Multiply and Cross Accumulate Signed Halfword 
Category 

Media 


Instruction format (Media accumulator instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765432 1 0 


[ace [ » | mi | o | | 


Assembler description 
MQXMACHS 


Description 


FRi,FRj,ACCk 


The MQXMACHS instruction calculates FRihi*FRjhi, adds the result obtained from this 
calculation to the 40-bit integer data in which “ACCGk+2” and “ACCk+2” are concatenated, 
and then stores the result of this addition in the 40-bit register in which “ACCGk+2” and 
“ACCk+2” are concatenated, as a 40-bit signed integer. Simultaneously, the MQXMACHS 
instruction calculates FRilo*FRjlo, adds the result obtained from this calculation to the 40-bit 
integer data in which “ACCGk+3” and “ACCk+3” are concatenated, and then stores the result 
of this addition in the 40-bit register in which “ACCGk+3” and “ACCk+3” are concatenated, as 
a 40-bit signed integer. Simultaneously, the MQXMACHS instruction calculates 
FRi+1hi*FRj+1hi, adds the result obtained from this calculation to the 40-bit integer data in 
which ACCGk and ACCk are concatenated, and then stores the result of this addition in the 
register in which ACCGk and ACCk are concatenated, as a 40-bit signed integer. 
Simultaneously, the MQXMACHS instruction calculates FRi+llo*FRj+llo, adds the result 
obtained from this calculation to the 40-bit integer data in which “ACCGk+1” and “ACCk+1” 
are concatenated, and then stores the result of this addition in the 40-bit register in which 
“ACCGk+1” and “ACCk+1” are concatenated, as a 40-bit signed integer. When the result 
overflows, the result obtained after signed saturating is stored in the register, and msr.ovf is 
set to 1. 

The register numbers of the Fri and FRj registers must be set to even numbers previously by 
software; if they are set to odd numbers, mp_exception (register_not_aligned) is detected. 

The register number of the ACCk register must be set to a multiple of 4 previously by software; 
otherwise, mp_exception (acc_not_aligned) is detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 

(FRihi shows upper 16 bits of FRi; and FRilo shows lower 16 bits of FRi.) 


Registers altered (except destination register) 


MSR 


Occurrence Exceptions 


mp_disabled 
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Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, 
acc_not_ aligned , overflow) 
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1.10.22. Media ACC Cross Quad Cross Multiply and Accumulation (Halfword Quad) Instruction 


Ope code op ope Operation 


MQXMACXHS | 1111000 | 000001 Quad Cross Multiply and Cross Accumulate Signed Halfword 


Category 
Media 


Instruction format (Media accumulator instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 1918171615 14131211109 8 76543210 
TT ace [ » | mm | o | mw | 


Assembler description 
MQXMACXHS _ FRi,FRj,ACCk 


Description 


The MQXMACXHS instruction calculates FRihi*FRjlo, adds the result obtained from this 
calculation to the 40-bit integer data in which “ACCGk+2” and “ACCk+2” are concatenated, 
and then stores the result of this addition in the 40-bit register in which “ACCGk+2” and 
“ACCk+2” are concatenated, as a 40-bit signed integer. Simultaneously, the instruction 
calculates FRilo*FRyjhi, adds the result obtained from this calculation to the 40-bit integer data 
in which ACCGk+3 and ACCk+3 are concatenated, and then stores the result of this addition in 
the 40-bit register in which “ACCGk+3” and “ACCk+3” are concatenated, as a 40-bit signed 
integer. Simultaneously, the instruction calculates FRi+1hi*FRj+1lo, adds the result obtained 
from this calculation to the 40-bit integer data in which ACCGk and ACCKk are concatenated, 
and then stores the result of this addition in the register in which ACCGk and ACCKk are 
concatenated, as a 40-bit signed integer. Simultaneously, the instruction calculates 
FRi+llo*FRj+1hi, adds the result obtained from this calculation to the 40-bit integer data in 
which “ACCGk+1” and “ACCk+1” are concatenated, and then stores the result of this addition 
in the 40-bit register in which “ACCGk+1” and “ACCk+1” are concatenated, as a 40-bit signed 
integer. When the result overflows, the result obtained after signed saturating is stored in the 
register, and msr.ovf is set to 1. 

The register numbers of the Fri and FRj registers must be set previously to even numbers by 
software; if they are odd numbers, mp_exception (register_not_aligned) is detected. 

The register number of the ACCk register must be set to a multiple of 4 previously by software; 
otherwise, mp exception (acc_not_aligned) is detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 

(FRihi shows upper 16 bits of FRi; and FRilo shows lower 16 bits of FRi.) 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 
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Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, 
acc_not_aligned , overflow) 
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1.10.23. Media Quad Cross Multiply and Accumulation (Halfword Quad) Instruction 


Ope code op ope Operation 
MQMACXHS 1111000 | 000010 Quad Cross Multiply and Cross Accumulate Signed Halfword 
Category 

Media 


Instruction format (Media accumulator instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


[ace [| mi | oe | | 


Assembler description 


MQMACXHS 


Description 


FRi,FRj,ACCk 


The MQMACXHS instruction calculates FRihi*FRjlo, adds the result obtained from this 
calculation to the 40-bit integer data in which ACCGk and ACCKk are concatenated, and then 
stores the result of this addition in the 40-bit register in which ACCGk and ACCk are 
concatenated, as a 40-bit signed integer. Simultaneously, the instruction calculates 
FRilo*FRjhi, adds the result obtained from this calculation to the 40-bit integer data in which 
“ACCGk+1” and “ACCk+1” are concatenated, and then stores the result of this addition in the 
40-bit register in which “ACCGk+1” and “ACCk+1” are concatenated, as a 40-bit signed 
integer. Simultaneously, the instruction calculates FRi+1hi*FRj+1lo, adds the result obtained 
from this calculation to the 40-bit integer data in which “ACCGk+2” and “ACCk +2” are 
concatenated, and then stores the result of this addition in the register in which “ACCGk+2” 
and “ACCk+2” are concatenated, as a 40-bit signed integer. Simultaneously, the instruction 
calculates FRit+1lo*FRj+1hi, adds the result obtained from this calculation to the 40-bit integer 
data in which “ACCGk+3” and “ACCk+3” are concatenated, and then stores the result of this 
addition in the 40-bit register in which “ACCGk+3” and “ACCk+3” are concatenated, as a 40- 
bit signed integer. When the result overflows, a value obtained after signed saturating is stored 
in the register, and msr.ovf is set to 1. 

The register numbers of the Fri and FRj registers must be set to even numbers previously by 
software; if they are set to odd numbers, mp_exception (register_not_aligned) is detected. 

The register number of the ACCk register must be set to a multiple of 4 previously by software; 
otherwise, mp_ exception (acc_not_aligned) is detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 

(FRihi shows upper 16 bits of FRi; and FRilo shows lower 16 bits of FRi.) 


Registers altered (except destination register) 


MSR 


Occurrence Exceptions 


mp_disabled 
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Detected Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, 
acc_not_ aligned , overflow) 
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1. Instruction Set Reference 


1.10.24. Complex Multiply (Halfword Dual) 


Ope-code Op ope Operation 
MCPXRS 1111011 100000 | Dual Complex Real Signed Halfword 
MCPXRU 1111011 100001 | Dual Complex Real Unsigned Halfword 
MCPXIS 1111011 100010 | Dual Complex Imaginary Signed Halfword 
MCPXIU 1111011 100011 | Dual Complex Imaginary Unsigned Halfword 
Category 

Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 201918171615 14131211109 8 76543210 
ee 


Assembler Syntax 


MCPXRS _ FRi, FRj, ACCk 
MCPXRU _ FRi, FRj, ACCk 
MCPXIS — FRi, FRj, ACCk 
MCPXIU — FRi, FRj, ACCk 


Description 


The MCPXRS instruction calculates “(FRihi * FRjhi) — (FRilo * FRjlo)” as a signed integer and 
writes the result in the 40-bit accumulator which concatenates ACCGk and ACCk. 

The MCPXRU instruction calculates “(FRihi * FRjhi) — (FRilo * FRjlo)” as an unsigned integer 
and writes the result in the 40-bit accumulator which concatenates ACCGk and ACCk. The 
accumulator is set to 0 and msr.ovf is set to | when the subtracted result is minus. 

The MCPXIS instruction calculates “(FRihi * FRjlo) + (FRilo * FRjhi)” as a singed integer and 
writes the result in the 40-bit accumulator which concatenates ACCGk and ACCk. 

The MCPXIU instruction calculates “(FRini * FRjlo) + (FRilo * FRjhi)” as an unsigned integer 
and writes the result in the 40-bit accumulator which concatenates ACCGk and ACCk. 

The processing of the exception detected by the instruction is initiated by executing MTRAP 
instruction. 

(“FRihi” indicates the high-order 16 bits of FRi, and “FRilo” indicates the low-order 16 bits of 
FRi.) 
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Operation example 


MCPXRS _ FRi, FRj, ACCk 


FRi 


FRj 


MCPXIS — FRi, FRj, ACCk 


FRi 


FRj 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, acc_not_aligned, overflow) 
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1. Instruction Set Reference 


1.10.25. Complex Multiply (Halfword Quad) 


Ope-code Op Ope Operation 
MQCPXRS 1111011 100100 | Quad Complex Real Signed Halfword 


MQCPXRU 1111011 100101 | Quad Complex Real Unsigned Halfword 
MQCPXIS 1111011 100110 | Quad Complex Imaginary Signed Halfword 
MQCPXIU 1111011 100111 | Quad Complex Imaginary Unsigned Halfword 


Category 
Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 432 1 0 


[sce [| mi | oe | mw | 


Assembler Syntax 


MQCPXRS  FRi, FR), ACCk 
MQCPXRU FRi, FRj, ACCk 
MQCPXIS FR, FRj, ACCk 
MQCPXIU_ FRi, FR}, ACCk 


Description 


The MQCPXRS instruction calculates “(FRihi * FRjhi) — (FRilo * FRjlo)” as a signed integer 
and writes the result in the 40-bit accumulator which concatenates ACCGk and ACCk, and 
calculates “(FRit+1hi * FRj+1hi) — (FRit+]lo * FRj+1lo)” as a signed integer and writes the result 
in the 40-bit accumulator which concatenates ACCGk+1 and ACCk+1. 

The MQCPXRU instruction calculates “(FRihi * FRjhi) — (FRilo * FRjlo)” as an unsigned 
integer and writes the result in the 40-bit accumulator which concatenates ACCGk and ACCk, 
and calculates “(FRit+1hi * FRj+1hi) — (FRit+]lo * FRj+1lo)” as an unsigned integer and writes 
the result in the 4-bit accumulator which concatenates ACCGk+1 and ACCk+1. The 
accumulator is set to 0 and msr.ovf is set to 1 when the subtracted result is minus. 

The MQCPXIS instruction calculates “(FRihi * FRjlo) + (FRilo * FRjhi)” as a signed integer and 
writes the result in the 40-bit accumulator which concatenates ACCGk and ACCk, and 
calculates “(FRit+1hi * FRj+11o) + (FRit+1lo * FRj+1hi)” as a signed integer and writes the result 
in the 40-bit accumulator which concatenates ACCGk+1 and ACCk+1. 

The MQCPXIU instruction calculates “(FRihi * FRjlo) + (FRilo * FRjhi)” as an unsigned integer 
and writes the result in the 40-bit accumulator which concatenates ACCGk and ACCk, and 
calculates “(FRit+1hi * FRj+1lo) + (FRit+]lo * FRj+I1hi)” as an unsigned integer and writes the 
result in the 40-bit accumulator which concatenates ACCGk+1 and ACCk+1. 

When the operation results overflow, “1” is set in the msr.ovf. The processing of the exception 
detected by the instruction is initiated by executing MTRAP instruction. 

(“FRihi” indicates the high-order 16 bits of FRi, and “FRilo” indicates the low-order 16 bits of 
FRi.) 
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Operation example 


MQCPXRS_ FRi, FRj, ACCk 


FRi 


FRj 


FRit+1 


FRJ+1 


ACCk completed +1 -15 


MQCPXIS — FRi, FRj, ACCk 


FRi 


FRj 


FRi+1 


FRj+1 


ACCk completed rd 110 
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Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, acc_not_aligned, overflow) 
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1.10.26. Cut 


Ope-code op ope Operation 
MCUT 1111011 101100 | CUT Accumulator 
MCUTI 1111011 101110 | CUT Accumulator (Immediate) 
Category 
Media 


Single word 


Instruction Format (Media instruction (R)) 


31 


30 29 28 27 26 25 24 23 22 21 20 19 18171615 14131211109 8 76543210 


[om [| acc | o | | 


Instruction Format (Media instruction (imm)) 


31 


30 29 28 27 26 25 24 23 22 21 20 19 18171615 14131211109 876543210 


a 


Assembler Syntax 


Descr 


MCUT ACCi, FRj, FRk 

MCUTI ACCi, #86, FRk 

iption 

The MCUT instruction cuts the accumulator which concatenates ACCGi and ACCi as 32-bit 
integer from bit position which is indicated by the shift count and writes the result in the FRk. 
MSB of the 40 bit data, which is made by concatenating ACCGi and ACCi is 0 and LSB is 39, 
and according to specified bit position, 32-bit data is taken out from the 40-bit data. The value 
greater than 31 can not be indicated as the shift count. But the negative number can be 
indicated as the shift count. When the negative number is indicated as the shift count, the sign 
bit is written into the negative bit positions. 

The shift count is indicated by the lower 6 bits of FRj (immediate instruction: the 6 bits of #s6) 
as a signed integer. 

The processing exception detected by the instruction is initiated by executing MTRAP 
instruction. 
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1 Instruction Set Reference 


Operation example 
MCUT ACCi, FRj, FRk 


ACCi 0x123456789A 


: | an Cuts from bit 12 specified 
” as by FRj in ACCi 
FRk completed 0x456789A0 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception) 
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1.10.27. Cut 


Ope-code op ope Operation 
MCUTSS 1111011 101101 | CUT with Signed Saturation Accumulator 
MCUTSSI 1111011 101111 | CUT with Signed Saturation Accumulator (Immediate) 
Category 
Media 


Single word 


Instruction Format (Media instruction (R)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 


[om [| acc | o | | 


Instruction Format (Media instruction (imm)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 
pf Rk | Fcc’ | ome 


Assembler Syntax 


MCUTSS ACCi, FRj, FRk 
MCUTSSI ACCi, #s6, FRk 


Description 


The MCUTSS instruction cuts the accumulator which concatenates ACCGi and ACCias 32-bit 
integer from bit position which is indicated by the shift count and writes the result in the FRk 
after signed saturation processing. 

MSB of the 40 bit data, which is made by concatenating ACCGi and ACCi is 0 and LSB is 39, 
and according to specified bit position, 32-bit data is taken out from the 40-bit data. The value 
greater than 31 can not be indicated as the shift count. But the negative number can be 
indicated as the shift count. When the negative number is indicated as the shift count, the sign 
bit is written into the negative bit positions. 

The shift count is indicated by the lower 6 bits of FRj (immediate instruction: the 6 bits of #s6) 
as a signed integer. 

When the result overflows, the result obtained after signed saturating is stored in the register, 
and msr.ovf is set to 1. 

The processing exception detected by the instruction is initiated by executing MTRAP 
instruction. 
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1 Instruction Set Reference 


Operation example 


MCUTSS ACCi, FRj, FRk 


ACCi 0x123456789A 


: | an Cuts from bit 12 specified 
” as by FRj in ACCi 
FRk completed 0x456789A0 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception,overflow) 
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1.10.28. Media Dual Cut Instruction 


Ope code op ope Operation 
MDCUTSSI 1111000 | 001110 Dual CUT and Signed Saturation Accumulator (Immediate) 
Category 

Media 


Instruction format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


Toe [ » | acc | ow | m6 | 


Assembler description 
MDCUTSSI ACCi,#s6,FRk 


Description 


The MDCUTSSI instruction extracts 32 bits out of 40-bit data in which ACCGi and ACCi are 
concatenated, beginning at the bit position specified for the shift count, performs signed 
saturating, and then stores the result in FRk. Simultaneously, the instruction extracts 32 bits 
out of 40-bit data in which “ACCGi+1” and “ACCi+1” are concatenated, beginning at the bit 
position specified for the shift count, performs signed saturating, and then stores the result in 
“FRk+1”. ACCi (ACCi+1) data extracts 32 bits in 40-bit data (in which ACCGi (ACCGi+1) 
and ACCi (ACCi+1) are concatenated in this order), beginning at the specified bit position, 
with the MSB (left) side of 40-bit data allocated to bit 0 followed by “bit 1 to bit 31” allocated 
rightwards. It is not possible to specify extraction of 32 or larger bits. Also, a negative value 
can be specified for the shift count; when a negative value is specified, the bit position 
indicating the negative value is set to a sign. The shift count is specified for 6 bits of #s6. 
When the result overflows, the result obtained after signed saturating is stored in the register, 
and msr.ovf is set to 1. 

The register numbers of the ACCi and FRk registers must be set to even numbers previously by 
software; when the register number of the ACCi register is set to an odd number, mp_ exception 
(acc_not_aligned) is detected. When the register number of the FRk register is set to an odd 
number, mp_ exception (register_not_aligned) is detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 


Registers altered (except destination register) 


MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, 
acc_not_aligned, overflow) 
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1. Instruction Set Reference 


1.10.29. Expand (Halfword) 


Ope-code op ope Operation 


MEXPDHW 1111011 | 110010 | Expand Halfword to Word 
MEXPDHD 1111011 | 110011 | Expand Halfword to Double-Word 


Category 
Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


epee <= aap ee ae] 


Assembler Syntax 


MEXPDHW FRi, #s6, FRk 
MEXPDHD FRi, #s6, FRk 


Description 


The MEXPDHW instruction copies the halfword data of FRi indicated by the LSB of #s6 to 
FRkni and FRkto. 

The MEXPDHD instruction copies the halfword data of FRi indicated by the LSB of #s6 to 
FRkhi, FRklo, FRK+1hi and FRK+11o. 

The LSB of #s6 indicates that 0 is high-order halfword and 1 is low-order halfword. 

It is necessary to set the register number of FRk of the MEXPDHD instruction as an even 
number with software. If the register number of FRk is an odd number, the mp_exception 
(register_not_aligned) occurs. 

The processing exception detected by the instruction is initiated by executing MTRAP 
instruction. 

(“FRknhi” indicates the high-order 16 bits of FRk and “FRk1o” indicates the low-order 16 bits of 
FRk.) 


Operation example 


MEXPDHD FRi, #s6, FRk 


v 
Transfers halfword data 
#86 [> > specified by #s6 in FRi to FRk 


+0 
FRk completed |0x5678]0x5678 
“"10x5678 | 0x5678 
ma 
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Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned) 
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1. Instruction Set Reference 


1.10.30. Pack/Unpack (Halfword) 


Ope-code op ope Operation 


MPACKH 1111011 | 110100 | Pack Halfword to Word 
MUNPACKH 1111011 | 110101 | Unpack Word to Halfword 


Category 
Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 2019 18171615 14131211109 8 76543210 
[om [o> | mi | o | mw | 


Assembler Syntax 


MPACKH FRi,FRj,FRk 
MUNPACKH FRi,FRk 


Description 


The MPACKH instruction writes FRilo in FRkhi and writes FRjlo in FRkio. 

The MUNPACKH instruction copies the contents of FRihi to FRkhi and FRklo, and copies the 
contents of FRilo to FRk+1hi and FRk+11o. 

It is necessary to set the register number of FRk as an even number with software. If the 
register number of FRk in the MUNPACKH instruction is an odd number, the mp_exception 
(register_not_aligned) occurs. 

The processing exception detected by the instruction is initiated by executing MTRAP 
instruction. 

(“FRknhi” indicates the high-order 16 bits of FRk and “FRkio” indicates the low-order 16 bits of 
FRk.) 


Operation example 


MPACKH FRi,FRj,FRk MUNPACKH _ FRi,FRk 


“"10x5678 |0x5678 


FRk completed 0x5678 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_disabled 


135 


FR400 Series Instruction Set Manual 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned) 
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1 Instruction Set Reference 


1.10.31. Pack (Halfword Dual) 


Ope-code op ope Operation 
MDPACKH 1111011 | 110110 | Dual Pack Halfword to Word 
Category 

Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 2019 1817 161514131211109 8 76543210 
‘Lom [> | mi | oe | i | 


Assembler Syntax 
MDPACKH FRi, FRj, FRk 


Description 


The MDPACKH instruction writes FRilo in FRkhi and FRjlo in FRklo and also writes FRit+11lo in 
FRk+1hi and FRj+11lo in FRk+11o 

It is necessary to set the register number of FRi, FRj and FRk of the MDPACKH instruction as 
an even number with software. If the register number of FRi, FRj or FRk in the MDPACKH 
instruction is an odd number, the mp exception (register _not_aligned) occurs. 

The processing exception detected by the instruction is initiated by executing MTRAP 
instruction. 

(“FRihi” indicates the high-order 16 bits of FRi, and “FRilo” indicates the low-order 16 bits of 
FRi.) 
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Operation example 


MDPACKH _ FRi, FRj, FRk 


FRi 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned) 
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1 Instruction Set Reference 


1.10.32. Convert Byte to/from Halfword 


Ope-code op ope Operation 
MBTOH 1111011 | 111000 | Byte To Halfword 
MHTOB 1111011 | 111001 | Halfword To Byte 
Category 

Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 1918171615 14131211109 8 76543210 
mc [| - | oe | 


Assembler Syntax 


MBTOH FRj, FRk 
MHTOB FR), FRk 


Description 


The MBTOH instruction converts the unsigned byte data in FRj3 to the unsigned halfword data 
in FRkhi, and converts the unsigned byte data in FRj2 to the unsigned halfword data in FRkio, 
and converts the unsigned byte data in FRji to the unsigned halfword data in FRk+/hi, and 
converts the unsigned byte data in FRjo to the unsigned halfword data in FRk+11o. 

The MHTOB instruction converts the unsigned halfword data in FRjhi to the unsigned byte data 
in FRk3 after unsigned saturation processing with the maximum number of unsigned byte (Oxff), 
and converts the unsigned halfword data in FRjlo to the unsigned byte data in FRk2 after 
unsigned saturation processing with the maximum number of unsigned byte (Oxff), and 
converts the unsigned halfword data in FRj+lhi to the unsigned byte data in FRk1 after 
unsigned saturation processing with the maximum number of unsigned byte (Oxff), and 
converts the unsigned halfword data in FRj+llo to the unsigned byte data in FRko after 
unsigned saturation processing with the maximum number of unsigned byte (Oxff). 

It is necessary to set the register number of FRk of the MBTOH instruction and the register 
number of FRj of the MHTOB instruction in an even number with software. If the register 
number of FRk of the MBTOH instruction or the register number of FRj of the MHTOB 
instruction is an odd number, the mp_exception (register_not_aligned) occurs. 

The processing exception detected by the instruction is initiated by executing MTRAP 
instruction. 

The side small number of FRk* specify the position of byte in the register. The relation of the 
position of byte with the position of bit is below. 

FRk3 = FRk (31 bits-24 bits), FRk2 = FRk (23 bits-16 bits) 

FRk1 = FRKk (15 bits-8 bits), FRko = FRk (7 bits-0 bit) 


139 


FR400 Series Instruction Set Manual 


Operation example 


MBTOH FRj, FRk 


3r 23 15 7 0 


FRj 


FRk completed 


MHTOB FR), FRk 


FRj +0 +1 
0x0001]0x0102]0x8000]|0x0004 
So keene Saturates unsigned integers 
we Po within the range 0 and 255 


31Y 23 bY 1 Vo 


FRk completed — joxo1 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned) 
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1 Instruction Set Reference 


1.10.33. Media Bit Concatenate (Halfword Dual) Instruction 


Ope code op ope Operation 
MCPLHI 1111000 | 001100 Dual Coupling Half Word Data (Immediate) 
Category 

Media 


Instruction format (Media instruction) 


31 30 29 28 27 26 25 24 23 222120191817) =1514131211109 8 765432 1 0 


Tom [ » | mm | o | #0 | 


Assembler description 
MCPLHI FRi,#s6,FRk 


Description 


The media bit concatenate (Halfword Dual) instruction concatenates FRihi[15-n:0] and 
FRi+1hi[n-1:0] with allocating Frit+1[n-1:0] to the LSB side and then stores the result of this 
concatenation in Frkhi on condition that “n” represents the bit counts specified for lower 4 bits 
of #s6. Simultaneously, the instruction concatenates FRilo[15-n:0] and FRi+1lo[n-1:0] with 
allocating Frit+1lo[n-1:0] to the LSB side and then stores the result of this concatenation in 
FRklo. 

The register number of the FRi register must be set to an even number previously by software; 
when it is set to an odd number, mp_exception (register_not_aligned) is detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned) 
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1.10.34. Media Bit Concatenate (Word Dual) Instruction 


Ope code op ope Operation 
MCPLI 1111000 | 001101 Dual Coupling Word Data (Immediate) 
Category 

Media 


Instruction format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 1 0 


Tom [| | mm | o | «6 | 


Assembler description 
MCPLI FRi,#s6,FRk 


Description 


The media bit concatenate (Word Dual) instruction concatenates FRi[31-n:0] and FRi+1[n-1:0] 
with allocating Fri+1[n-1:0] to the LSB side and then stores the result of this concatenation in 
FRk on condition that “n” represents the bit counts specified for lower 5 bits of #s6. 
The register number of the FRi register must be set to an even number previously by software; 
when it is an odd number, mp_exception (register_not_aligned) is detected. 
For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 

Registers altered (except destination register) 


MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned) 


Suspension exceptions to be started 


None 
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1 Instruction Set Reference 


1.10.35. Clear Accumulator 


Ope-code op ope Operation 


MCLRACC 1111011 111011 | Clear Accumulator 


Category 
Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 


[[_ acc | ow 


#A 
Assembler Syntax 


MCLRACC ACCi, #A 


Description 


The MCLRACC instruction clear the contents of ACCi and ACCGi, and set to zero. 
If #A bit is “1” and ACCi is 0, all of ACC and all of ACCG are cleared. 
If the indicated ACC doesn’t exist, this instruction behaves as NOP. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception) 
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1.10.36. Read/Write Accumulator 


Ope-code op ope Operation 
MRDACC 1111011 111100 | Read Accumulator 


MWTACC 1111011 111101 | Write Accumulator 
MRDACCG 1111011 111110 | Read Accumulator Guard 
MWTACCG 1111011 111111 | Write Accumulator Guard 


Category 
Media 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 
pf rRk | | acc, J] ome 


Instruction Format (Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765432 1 0 
pf acck | op | RE] me 


Assembler Syntax 


MRDACC ACCi, FRk 

MWTACC_ FRi, ACCk 

MRDACCG ACCGi, FRk 

MWTACCG FRi, ACCGk 
Description 


The MRDACC instruction copies the contents of ACCi to FRk. 
The MWTACC instruction copies the contents of FRi to ACCk. 
The MRDACCG instruction copies the contents of ACCGi to low-order 8-bit of FRk and zero 
to higher-order bits. 
The MWTACCG instruction copies the contents of low-order 8-bit of FRi to ACCGk. 
The processing exception detected by the instruction is initiated by executing MTRAP 
instruction. 
Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception) 
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1 Instruction Set Reference 


1.10.37. Media Accumulator Addition Instruction 


Ope code op ope Operation 


MADDACCS 1111000 | 000100 | Add Signed Accumulator with Saturation 


Category 
Media 


Instruction format (Media accumulator instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


|| acck | | acc | ome 


Assembler description 
MADDACCS ACC1,ACCk 


Description 


The MADDACCS instruction adds signed 40-bit data in which ACCGi and ACCi are 
concatenated and signed 40-bit data in which “ACCGi+1” and “ACCi+1” are concatenated, and 
then stores the result obtained from this addition in the 40-bit register in which ACCGk and 
ACCk are concatenated. When the result overflows, the result obtained after signed saturating 
is stored in the register, and msr.ovf is set to 1. 

The register number of the ACCi register must be set to a multiple of 2 previously by software; 
otherwise, mp exception (acc_not_aligned) is detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, 
acc_not_aligned , overflow) 
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1.10.38. Media Accumulator Subtraction Instruction 


Ope code op ope Operation 


MSUBACCS 1111000 | 000101 Subtract Signed Accumulator with Saturation 


Category 
Media 


Instruction format (Media accumulator instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


|] acck | | acc | ome 


Assembler description 
MSUBACCS ACCi,ACCk 


Description 


The MSUBACCS instruction subtracts signed 40-bit data in which “ACCGi+1” and “ACCit+1” 
are concatenated, from signed 40-bit data in which ACCGi and ACCi are concatenated, and 
then stores the result obtained from this subtraction in the 40-bit register in which ACCGk and 
ACCk are concatenated. When the result overflows, the result obtained after signed saturating 
is stored in the register, and msr.ovf is set to 1. 

The register number of the ACCi register must be set to a multiple of 2 previously by software; 
otherwise, mp exception (acc_not_aligned) is detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, 
acc_not_aligned , overflow) 
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1.10.39. Media Dual Accumulator Addition Instruction 


Ope code op ope Operation 


MDADDACCS | 1111000 | 000110 Dual Add Signed Accumulator with Saturation 


Category 
Media 


Instruction format (Media accumulator instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


|| acck | | acc | ome 


Assembler description 
MDADDACCS = ACCi,ACCk 


Description 


The MDADDACCS instruction adds signed 40-bit data in which ACCGi and ACCi are 
concatenated and signed 40-bit data in which “ACCGi+1” and “ACCi+1” are concatenated, and 
then stores the result obtained from this addition in the 40-bit register in which ACCGk and 
ACCk are concatenated. Simultaneously, the instruction adds signed 40-bit data in which 
“ACCGi+2” and “ACCi+2” are concatenated and signed 40-bit data in which “ACCGi+3” and 
“ACCi+3” are concatenated, and then stores the result obtained from this addition in the 40-bit 
register in which “ACCGk+1” and “ACCk+1” are concatenated. When the result overflows, 
the result obtained after signed saturating is stored in the register, and msr.ovf is set to 1. 

The register number of the ACCi register must be set to a multiple of 4 previously by software; 
otherwise, mp exception (acc_not_aligned) is detected. 

The register number of the ACCk register must be set to a multiple of 2 previously by software; 
otherwise, mp exception (acc_not_aligned) is detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, 
acc_not_aligned , overflow) 
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1.10.40. Media Dual Accumulator Subtraction Instruction 


Ope code op ope Operation 


MDSUBACCS _ | 1111000 | 000111 Dual Subtract Signed Accumulator with Saturation 


Category 
Media 


Instruction format (Media accumulator instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


|| cee | | acc | ome | 


Assembler description 
MDSUBACCS = ACCi,ACCk 


Description 


The MDSUBACCS instruction subtracts signed 40-bit data in which “ACCGit+1” and 
“ACCi+1” are concatenated, from signed 40-bit data in which “ACCGi” and “ACCi” are 
concatenated, and then stores the result obtained from this subtraction in the 40-bit register in 
which ACCGk and ACCk are concatenated. Simultaneously, the instruction subtracts signed 
40-bit data in which “ACCGi+3” and “ACCi+3” are concatenated, from signed 40-bit data in 
which “ACCGi+2” and “ACCi+2” are concatenated, and then stores the result obtained from 
this subtraction in the 40-bit register in which “ACCGk+1” and “ACCk+1” are concatenated. 
When the result overflows, the result obtained after signed saturating is stored in the register, 
and msr.ovf is set to 1. 

The register number of the ACCi register must be set to a multiple of 4 previously by software; 
otherwise, mp exception (acc_not_aligned) is detected. 

The register number of the ACCk register must be set to a multiple of 2 previously by software; 
otherwise, mp_exception (acc_not_aligned) is detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, 
acc_not_aligned , overflow) 
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1.10.41. Media Accumulator Addition and Subtraction Instruction 


Ope code op ope Operation 
MASACCS 1111000 | 001000 | Add and Subtract Signed Accumulator with Saturation 
Category 

Media 


Instruction format (Media accumulator instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


|| acck | | acct | ome 


Assembler description 
MASACCS ACCi,ACCk 


Description 


The MASACCS instruction adds signed 40-bit data in which ACCGi and ACCi are 
concatenated and signed 40-bit data in which “ACCGi+1” and “ACCi+1” are concatenated, and 
then stores the result obtained from this addition in the 40-bit register in which ACCGk and 
ACCk are concatenated. Simultaneously, the instruction subtracts signed 40-bit data in which 
“ACCGi+1” and “ACCi+1” are concatenated, from signed 40-bit data in which ACCGi and 
ACCi are concatenated, and then stores the result obtained from this subtraction in the 40-bit 
register in which “ACCGk+1” and “ACCk+1” are concatenated. When the result overflows, 
the result obtained after signed saturating is stored in the register, and msr.ovf is set to 1. 

The register number of the ACCi register must be set to a multiple of 2 previously by software; 
otherwise, mp_exception (acc_not_aligned) is detected. 

The register number of the ACCk register must be set to a multiple of 2 previously by software; 
otherwise, mp exception (acc_not_aligned) is detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, 
acc_not_aligned , overflow) 
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1.10.42. Media Dual Accumulator Addition and Subtraction Instruction 


Ope code op ope Operation 


MDASACCS 1111000 | 001001 Dual Add and Subtract Signed Accumulator with Saturation 


Category 
Media 


Instruction format (Media accumulator instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 


[ace [ » | acc | ow | - | 


Assembler description 
MDASACCS ACC1,ACCk 


Description 


The MDASACCS instruction adds signed 40-bit data in which ACCGi and ACCi are 
concatenated and signed 40-bit data in which “ACCGi+1” and “ACCi+1” are concatenated, and 
then stores the result obtained from this addition in the 40-bit register in which ACCGk and 
ACCk are concatenated. Simultaneously, the instruction subtracts signed 40-bit data in which 
“ACCGi+1” and “ACCi+1” are concatenated, from signed 40-bit data in which ACCGi and 
ACCi are concatenated, and then stores the result obtained from this subtraction in the 40-bit 
register in which “ACCGk+1” and “ACCk+1” are concatenated. Simultaneously, the 
instruction adds signed 40-bit data in which “ACCGi+2” and “ACCi+2” are concatenated and 
signed 40-bit data in which “ACCGi+3” and “ACCi+3” are concatenated, and then stores the 
result obtained from this addition in the 40-bit register in which “ACCGk+2” and “ACCk+2” 
are concatenated. Simultaneously, the instruction subtracts signed 40-bit data in which 
“ACCGi+3” and “ACCi+3” are concatenated, from signed 40-bit data in which “ACCGi+2” 
and “ACCi+2” are concatenated, and then stores the result obtained from this subtraction in the 
40-bit register in which “ACCGk+3” and “ACCk+3” are concatenated. When the result 
overflows, the result obtained after signed saturating is stored in the register, and msr.ovf is set 
to 1. 

The register number of the ACCi register must be set to a multiple of 4 previously by software; 
otherwise, mp exception (acc_not_aligned) is detected. 

The register number of the ACCk register must be set to a multiple of 4 previously by software; 
otherwise, mp_ exception (acc_not_aligned) is detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, 
acc_not_aligned , overflow) 
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1.10.43. Media SETHI/SETLO (Halfword) Instruction 


Ope code op ope Operation 
MHSETLOS 1111000 | 100000 Set Lower signed 12 bits 
MHSETLOH 1111000 | 100001 Set Upper 5 bits 


MHSETHIS 1111000 | 100010 Set Upper signed 12bits 
MHSETHIH 1111000 | 100011 Set Upper 5 bits 
MHDSETS 1111000 | 100100 | Dual Set Half Word signed 12 bits 
MHDSETH 1111000 | 100101 Dual Set Upper 5 bits of Half Word 
Category 

Media 


Instruction format (Media instruction (set immediate 12)) 


31 30 29 28 27 26 25 24 23 22 21 201918171615 14131211109 8 76543210 
Tm [| wor | om | wo? | 


Instruction format (Media instruction (set immediate 5)) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


ee a a ee eee 


Assembler description 


MHSETLOS — #ul2,FRk (#u12[11:6]-#u6_1, #u12[5:0]=#u6_ 2) 
MHSETHIS #u12,FRk (#u12[11:6]=#u6_ 1, #u12[5:0]=#u6 2) 
MHDSETS #u12,FRk (#u12[11:6]=#u6_ 1, #u12[5:0]=#u6 2) 
MHSETLOH  #s5,FRk 
MHSETHIH — #s5,FRk 
MHDSETH #85,FRk 


Description 


The MHSETLOS instruction replaces the lower 12 bits of FRklo with the value of #u12, and 
simultaneously, replaces each of the upper 4 bits of FRklo with MSB of #ul12. 

The MHSETHIS instruction replaces the lower 12 bits of FRkhi with the value of #u12, and 
simultaneously, replaces each of the upper 4 bits of FRkhi with MSB of #ul12. 

The MHDSETS instruction replaces the lower 12 bits of FRkhi with the value of #ul2. 
simultaneously, replaces each of the upper 4 bits of FRkhi with MSB of #u12. simultaneously, 
replaces the lower 12 bits of FRklo with the value of #u12. simultaneously, replaces each of 
the upper 4 bits of FRklo with MSB of #u12. 

The MHSETLOH instruction replaces the upper 5 bits of FRklo with the value of #s5. 

The MHSETHIH instruction replaces the upper 5 bits of FRkhi with the value of #s5. 

The MHDSETH instruction replaces the upper 5 bits of FRkhi with the value of #s5, and 
simultaneously, replaces the upper 5 bits of FRklo with the value of #s5. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 
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Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception) 
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1.10.44. Media Quad Low Clear (Halfword Quad) Instruction (M-Type Instruction. This instruction 
is available for MB93451.) 


Ope code op ope Operation 


MQLCLRHS 1111000 | 010000 Quad Clear Lower Value Signed Halfword 


Category 
Media 


Instruction format (Extended Media instruction) 
31 30 29 28 27 26 25 24 23 22 21 20 19 18 1716 15 14131211109 8 7 6 5 4 3 210 


Tom |» | mi | o | © | 


Assembler description 
MQLCLRHS FRi,FRj,FRk 


Description 


The MQLCLRHS instruction stores A in C when B is positive and |A|>|B|, otherwise it stores 0 into C. 
This instruction also stores —A (if A=0x8000, stores Ox7FFF) into c when B is negative and |A|>|B], 
otherwise it stores 0 into C. 

However, A,B,C are signed halfword integers and the combinations are as follows: 

{A, B, C}={FRihi, FRjhi, FRkhi}, {FRilo, FRjlo, FRklo}, {FRit+1hi, FRj+1hi, FRk+1hi}, {FRi+1lo, 
FRj+1lo, FRk+1lo } 

The register numbers of FRi, FRj and FRk need to be set to even with software. When the register 
numbers of FRi, FRj, FRk are odd, mp_exception(register_not_aligned) are detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception(unimplemented_exception, register_not_aligned) 
Started Pending Exceptions 


None 
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1.10.45. Media Quad Scope Limitation (Halfword Quad) Instruction (M-Type Instruction. This 
instruction is available for MB93451.) 


Ope code op ope Operation 
MQLMTHS 1111000 | 010100 Quad Set Limits Signed Halfword 
Category 

Media 


Instruction format (Extended Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


Tom [ » | m | o | © | 


Assembler description 
MQLMTHS FRi,FRj,FRk 


Description 


The MQLMTHS stores A into C when -|B|<A<|B], stores —B (if B=0x8000, stores Ox7FFF) into C 
when A S-|B| and stores B into C when |B|<=A. 

However, A,B,C are signed halfword integers and the combinations are as follows: 

{A, B, C}={FRihi, FRjhi, FRkhi}, {FRilo, FRjlo, FRklo}, {FRit+1hi, FRj+1hi, FRk+1hi}, {FRi+1lo, 
FRj+1lo, FRk+1lo } 

The register numbers of FRi, FRj and FRk need to be set to even with software. When the register 
numbers of FRi, FRj and FRk are odd, mp_exception(register_not_aligned) are detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception(unimplemented_exception, register_not_aligned) 
Started Pending Exceptions 


None 
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1.10.46. Media Quad Shift (Halfword Quad) instruction (M-Type instruction. These instructions are 
available for MB93451.) 


Ope code op ope Operation 
MQSLLHI 1111000 | 010001 Quad Shift Lest Logical Halfword (Immediate) 
MQSRAHI 1111000 | 010011 Quad Shift Right Arithmetic Logical Halfword 
(Immediate) 
Category 
Media 


Instruction format (Extended Media instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


Tom [ » | m | o | «6 | 


Assembler description 


MQSLLHI FRi,#s6,FRk 
MQSRAHI FRi,#s6,FRk 


Description 


The Media Quad Shift instruction shifts FRihi by the number of bits specified by the shift counter and 
stores the result into FRkhi. It also shifts FRilo and stores the result into FRklo, shifts FRi+1hi and 
stores the result into FRk+1hi and shifts Rit+1lo and stores the result into FRk+1lo. The shift count is 
specified by the lower 4 bits of #s6. The MQSRAHI instruction takes the value rounded by the 
rounding method specified in MSRO as the result. 

The MQSLLHI instruction shifts FRihi, FRilo, FRi+1hi and FRi+1lo to the left and makes the bits that 
became empty by the shift 0. 

The MQSRAH I instruction shifts FRihi, FRilo, FRi+1hi and FRi+1lo to the right and fills the bits that 
became empty the shift with the highest bits of FRihi, FRilo, FRi+1hi and FRi+11o respectively. 

The register numbers of Fri and FRk need to be set even with software. When the register numbers of 
FRi and FRk are odd, mp_exception(register_not_aligned) are detected. 

For exceptions detected by this instruction, exception handling can be started by executing the 
MTRAP instruction. 

(FRihi is the higher 16 bits of FRi. FRilo is the lower 16 bits of FRi. FRit+1hi is the higher 16 bits of 
FRi+1. FRi+1lo is the lower 16 bits of FRi+1. FRk is the same as this.) 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception(unimplemented_exception, register_not_aligned) 
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Started Pending Exceptions 


None 
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1.11. Conditional Integer Instructions 


1.11.1. Add /Subtract / Multiply / Divide 


Ope-code op Operation 
CADD 1011000 Conditional Add 


CSUB 1011000 Conditional Subtract 
CSMUL 1011000 Conditional Signed Integer Multiply 
CSDIV 1011000 Conditional Signed Integer Divide 


Category 


Integer, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 0 


[Lom [| ot foci] [ow] ow 


#cond 
Assembler Syntax 


CADD GRi, GRj, GRk, CCi, #cond 
CSUB GRi, GRj, GRk, CCi, #cond 
CSMUL GRi, GRj, GRk, CCi, #cond 
CSDIV GRi, GRj, GRk, CCi, #cond 


Description 


The Conditional Integer Arithmetic Instruction operates GRi and GRj in arithmetic. When the 
condition specified by the #cond field is equal to the condition shown with CCi, the instruction 
writes the result in GRk. Otherwise, it doesn’t change GRk. 

The CADD instruction operates “GRit+GRj”, when the condition specified by the #cond field is 
equal to the condition shown with CCi. 

The CSUB instruction operates “GRi-GRj”, when the condition specified by the #cond field is 
equal to the condition shown with CCi. 

The CSMUL instruction operates “GRi*GRj”, when the condition specified by the #cond field 
is equal to the condition shown with CCi. 

The CSDIV instruction operates “GRi/GRj”, when the condition specified by the #cond field is 
equal to the condition shown with CCi. 

Table 25 shows the values of #cond field. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


division_exception 
register_exception (unimplement_exception) 
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Detected Exceptions 


none 


Table 25 Values of #cond field 


value meaning 
0 False 
1 True 
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1.11.2. Add, Subtract and Multiply with setting ICC / Divide unsigned integer 


Ope-code op Operation 
CADDcc 1011001 Conditional Add and ICC setting 


CSUBcc 1011001 Conditional Subtract ICC setting 
CSMULcc 1011001 Conditional Signed Integer Multiply ICC setting 
CUDIV 1011001 Conditional Unsigned Integer Divide 


Category 


Integer, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765432 1 0 


[Lom | | ot [oc] [oe] ow 


#cond 
Assembler Syntax 


CADDcc — GRi, GRj, GRk, CCi, #cond 
CSUBcc GRi, GRj, GRk, CCi, #cond 
CSMULce GRi, GRj, GRk, CCi, #cond 
CUDIV GRi, GRj, GRk, CCi, #cond 


Description 


The Conditional Integer Arithmetic Instruction operates GRi and GRj in arithmetic. When the 
condition specified by the #cond field is equal to the condition shown with CCi, the instruction 
writes the result in GRk. Otherwise, it doesn’t change GRk. 

The CADDcc instruction operates “GRit+GRj”, when the condition specified by the #cond field 
is equal to the condition shown with CCi. 

The CSUBcc instruction operates “GRi-GRj”, when the condition specified by the #cond field 
is equal to the condition shown with CCi. 

The CSMULecc instruction operates “GRi*GRj”, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CUDIV instruction operates ““GRi/GRj”, when the condition specified by the #cond field is 
equal to the condition shown with CCi. 

The CADDcc, CSUBcc, and CSMULecc instructions change the integer condition code (ICC) 
specified by the low-order 2-bit of CCi field. 

Table 26 shows the values of #cond field. 
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Registers altered (except destination register) 


ICC ... instructions with “cc” only 


N {|Z {IV {C 
Oo |O /}|0 |O 


Occurrence Exceptions 


division_exception 
register_exception (unimplement_exception) 


Detected Exceptions 


none 


Table 26 Values of #cond field 


Value meaning 
0 False 
1 True 
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1.11.3. Logical Operations 


Ope-code op Operation 
CAND 1011010 Conditional AND 


COR 1011010 Conditional OR 
CXOR 1011010 Conditional XOR 
CNOT 1011010 Conditional NOT 


Category 


Integer, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


Tom |» | ot [oc] fon] ow 


#cond 
Instruction Format (Conditional Not-Operation instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 0 


j{ ork fT ci | Jove] cr 


#cond 
Assembler Syntax 


CAND GRi, GRj, GRk, CCi, #cond 
COR GRi, GRj, GRk, CCi, #cond 
CXOR GRi, GRj, GRk, CCi, #cond 
CNOT GRj, GRk, CCi, #cond 


Description 


The Conditional Integer Logical Instruction operates GRi and GRj in logical. When the 
condition specified by the #cond field is equal to the condition shown with CCi, the instruction 
writes the result in GRk. Otherwise, it doesn’t change GRk. 

The CAND instruction operates “GRi and GRj”, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The COR instruction operates “GRi or GRj’”, when the condition specified by the #cond field is 
equal to the condition shown with CCi. 

The CXOR instruction operates ““GRi xor GRj”, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CNOT instruction operates “not GRj”, when the condition specified by the #cond field is 
equal to the condition shown with CCi. 

Table 27 shows the values of #cond field. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


register_exception (unimplement_exception) 
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Detected Exceptions 


none 


Table 27 Values of #cond field 


value meaning 
0 False 
1 True 
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1.11.4. Logical Operations with setting ICC 


Ope-code op Operation 
CANDcc 1011011 Conditional AND and ICC setting 


CORcc 1011011 Conditional OR and ICC setting 
CXORcc 1011011 Conditional XOR and ICC setting 


Category 


Integer, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 14131211109 8 7 65 4 3 2 1 0 


ee 


#cond 
Assembler Syntax 


CANDcc — GRi, GRj, GRk, CCi, #cond 
CORcc GRi, GRj, GRk, CCi, #cond 
CXORcc — GRi, GRj, GRk, CCi, #cond 


Description 


The Conditional Integer Logical Instruction operates GRi and GRj in logical. When the 
condition specified by the #cond field is equal to the condition shown with CCi, the instruction 
writes the result in GRk. Otherwise, it doesn’t change GRk. 

The CANDcc instruction operates “GRi and GRj”, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CORcc instruction operates “GRi or GRj’”, when the condition specified by the #cond field 
is equal to the condition shown with CCi. 

The CXORcc instruction operates ““GRi xor GRj”, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CANDcc, CORcc, and CXORcc instructions change the integer condition code (ICC) 
specified by the low-order 2-bit of CCi field. 

Table 28 shows the values of #cond field. 


Registers altered (except destination register) 


ICC ... instructions with “cc” only 


N {ZIV {C 
O|O |X |X 


Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


none 
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Table 28 Values of #cond field 


value meaning 
0 False 
1 True 
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1.11.5. Shift 


Ope-code op Operation 


CSLL 1011100 Conditional Shift Left Logical 


CSRL 1011100 Conditional Shift Right Logical 


CSRA 1011100 Conditional Shift Right Arithmetic 


Category 


Integer, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 1 0 


[Lo | | ot foci] foe] ow 


#cond 
Assembler Syntax 


CSLL GRi, GRj, GRk, CCi, #cond 

CSRL GRi, GRj, GRk, CCi, #cond 

CSRA GRi, GRj, GRk, CCi, #cond 
Description 


The Conditional Integer Shift Instructions shift GRi by the number of bits implied by the shift- 
count and write the result in GRk. The shift-count is specified by the low-order 5 bits of GRj. 
When the condition specified by the #cond field is equal to the condition shown with CCi, the 
instruction writes the result in GRk. Otherwise, it doesn’t change GRk. 

The CSLL instruction shifts GRi to the left, replacing the vacated positions with zero, when the 
condition specified by the #cond field is equal to the condition shown with CCi. 

The CSRL instruction shifts GRi to the right, replacing the vacated positions with zero, when 
the condition specified by the #cond field is equal to the condition shown with CCi. 

The CSRA instruction shifts GRi to the right, replacing the vacated positions with the highest 
bit of GRi, when the condition specified by the #cond field is equal to the condition shown with 
CCi. 

Table 29 shows the values of #cond field. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


none 
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Table 29 Values of #cond field 


value meaning 
0 False 
1 True 
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1.11.6. Shift with setting ICC 


Ope-code op Operation 
CSLLcc 1011101 Conditional Shift Left Logical and ICC setting 


CSRLcc 1011101 Conditional Shift Right Logical and ICC setting 
CSRAcc 1011101 Conditional Shift Right Arithmetic and ICC setting 


Category 


Integer, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 1716 151413121110 9 8 76 5 43 21 0 
ark [| oki | coi] Joe] 
#cond 
Assembler Syntax 


CSLLcc GRi, GRj, GRk, CCi, #cond 
CSRLcce GRi, GRj, GRk, CCi, #cond 
CSRAcc GRi, GRj, GRk, CCi, #cond 


Description 


The Conditional Integer Shift Instructions shift GRi by the number of bits implied by the shift- 
count and write the result in GRk. The shift-count is specified by the low-order 5 bits of GRj. 
When the condition specified by the #cond field is equal to the condition shown with CCi, the 
instruction writes the result in GRk. Otherwise, it doesn’t change GRk. 

The CSLLcc instruction shifts GRi to the left, replacing the vacated positions with zero, when 
the condition specified by the #cond field is equal to the condition shown with CCi. 

The CSRLcc instruction shifts GRi to the right, replacing the vacated positions with zero, when 
the condition specified by the #cond field is equal to the condition shown with CCi. 

The CSRAcc instruction shifts GRi to the right, replacing the vacated positions with the highest 
bit of GRi, when the condition specified by the #cond field is equal to the condition shown with 
CCi. 

The CSLLcec, CSRLcc, and CSRAcc instructions change the integer condition code (ICC) 
specified by the low-order 2-bit of the CCi field. 

Table 30 shows the values of #cond field. 


Registers altered (except destination register) 
ICC ... instructions with “cc” only 


N {ZIV {IC 
O|O |X |O 


Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


none 
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Table 30 Values of #cond field 


value meaning 
0 False 
1 True 


169 


1 


Instruction Set Reference 
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1.12. Conditional Load/Store Instructions 


1.12.1. Load GR 


Ope-code op Operation 

CLDSB 1011110 Conditional Load Signed Byte 

CLDUB 1011110 Conditional Load Unsigned Byte 

CLDSH 1011110 Conditional Load Signed Halfword 

CLDUH 1011110 Conditional Load Unsigned Halfword 

CLD 1011111 Conditional Load Word 

CLDD 1011111 Conditional Load Double 

CLDSBU 1100001 Conditional Load Signed Byte with Update Index 
CLDUBU 1100001 Conditional Load Unsigned Byte Update Index 
CLDSHU 1100001 Conditional Load Signed Halfword Update Index 
CLDUHU 1100001 Conditional Load Unsigned Halfword Update Index 
CLDU 1100010 Conditional Load Word Update Index 

CLDDU 1100010 Conditional Load Double Update Index 


Category 


Integer, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 181716 1514131211109 8 765 43 21 0 
ark | | cri cc | Jone] 
#cond 
Assembler Syntax 


CLDSB —_ @(GRi, GRj), GRk, CCi, #cond 
CLDUB —_ @(GRi, GRj), GRk, CCi, #cond 
CLDSH — @(GRi, GRj), GRk, CCi, #cond 
CLDUH — @(GRi, GRj), GRk, CCi, #cond 
CLD @(GRi, GRj), GRk, CCi, #cond 
CLDD @(GRi, GRj), GRk, CCi, #cond 
CLDSBU @(GRi, GRj), GRk, CCi, #cond 
CLDUBU @(GRi, GRj), GRk, CCi, #cond 
CLDSHU @(GRi, GRj), GRk, CCi, #cond 
CLDUHU @(GRi, GRj), GRk, CCi, #cond 
CLDU @(GRi, GRj), GRk, CCi, #cond 
CLDDU —_ @(GRi, GRj), GRk, CCi, #cond 


Description 


The conditional integer Load instructions calculate “GRi + GR” as an effective address. When 
the condition specified by the #cond field is equal to the condition shown with CCi, the 
instructions copy data from memory to GRk. Otherwise, they don’t change GRk. 

As the description of each instruction, refer to 1.3.1 Load GR (page 19). 

The CLDSB instruction operates as LDSB instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 
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The CLDUB instruction operates as LDUB instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CLDSH instruction operates as LDSH instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CLDUH instruction operates as LDUH instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CLD instruction operates as LD instruction, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CLDD instruction operates as LDD instruction, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CLDSBU instruction operates as LDSBU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CLDUBU instruction operates as LDUBU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CLDSHU instruction operates as LDSHU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CLDUHU instruction operates as LDUHU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CLDU instruction operates as LDU instruction, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CLDDU instruction operates as LDDU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

Table 31 shows the values of #cond field. 


Registers altered (except destination register) 


GRi ... Instruction with “update” form only 


Occurrence Exceptions 


mem_address_not_aligned (except byte Load instruction) 
data_access_exception 

data_access MMU_ miss 

data_access_error 

register_exception (unimplement_exception, register_not_aligned) 


Detected Exceptions 


none 


Table 31 Values of #cond field 


value meaning 
0) False 
1 True 
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1.12.2. Load FR 


Ope-code op Operation 

CLDBF 1100000 Conditional Load Byte FR register 
CLDHF 1100000 Conditional Load Halfword FR register 
CLDF 1100000 Conditional Load Word FR register 


CLDDF 1100000 Conditional Load Double FR register 

CLDBFU 1100011 Conditional Load Byte FR register with Update index 
CLDHFU 1100011 Conditional Load Halfword FR register with Update index 
CLDFU 1100011 Conditional Load Word FR register with Update index 
CLDDFU 1100011 Conditional Load Double FR register with Update index 


Category 


Integer, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 14131211109 8 765 43 2 1 0 


Lok [| | ot foci] [ox] ow 


#cond 
Assembler Syntax 


CLDBF  @(GRi, GRj), FRk, CCi, #cond 
CLDHF  @(GRi, GRj), FRk, CCi, #cond 
CLDF @(GRi, GRj), FRk, CCi, #cond 
CLDDF  @(GRi, GRj), FRk, CCi, #cond 
CLDBFU @(GRi, GRj), FRk, CCi, #cond 
CLDHFU @(GRi, GRj), FRk, CCi, #cond 
CLDFU — @(GRi, GRj), FRk, CCi, #cond 
CLDDFU @(GRi, GRj), FRk, CCi, #cond 


Description 


The conditional floating-point Load instructions calculate “GRi + GRj” as an effective address. 
When the condition specified by the #cond field is equal to the condition shown with CCi, the 
instructions copy data from memory to FRk. Otherwise, they don’t change FRk. 

As the description of each instruction, refer to 1.3.2 Load FR (page 22). 

The CLDBF instruction operates as LDBF instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CLDHF instruction operates as LDHF instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CLDF instruction operates as LDF instruction, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CLDDF instruction operates as LDDF instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CLDBFU instruction operates as LDBFU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CLDHFU instruction operates as LDHFU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 
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The CLDFU instruction operates as LDFU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CLDDFU instruction operates as LDDFU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

Table 32 shows the values of #cond field. 


Registers altered (except destination register) 


GRi ... Instruction with “update” form only 


Occurrence Exceptions 


fp_ disabled 

mem_address_not_aligned (except byte Load instruction) 
data_access_exception 

data_access MMU_ miss 

data_access_error 

register_exception (unimplement_exception, register_not_aligned) 


Detected Exceptions 


none 


Table 32 Values of #cond field 


value meaning 
0 False 
1 True 
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1.12.3. Store GR 


Ope-code op Operation 

CSTB 1100100 Conditional Store Byte 
CSTH 1100100 Conditional Store Halfword 
CST 1100100 Conditional Store Word 


CSTD 1100100 Conditional Store Double 

CSTBU 1100111 Conditional Store Byte with Update Index 
CSTHU 1100111 Conditional Store Halfword with Update Index 
CSTU 1100111 Conditional Store Word with Update Index 
CSTDU 1100111 Conditional Store Double with Update Index 


Category 
Integer, Conditional 
Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 6 5 43 2 1 0 


ples semi =e | ces ef es] 0) 


#cond 
Assembler Syntax 


CSTB GRk, @(GRi, GRj), CCi, #cond 
CSTH GRk, @(GRi, GRj), CCi, #cond 
CST GRk, @(GRi, GRj), CCi, #cond 
CSTD GRk, @(GRi, GRj), CCi, #cond 


CSTBU __GRk, @(GRi, GRj), CCi, #cond 
CSTHU — GRk, @(GRi, GRj), CCi, #cond 
CSTU GRk, @(GRi, GRj), CCi, #cond 
CSTDU —_ GRk, @(GRi, GRj), CCi, #cond 


Description 


The conditional integer Store instructions calculate “GRi + GRy” as an effective address. When 
the condition specified by the #cond field is equal to the condition shown with CCi, the 
instructions copy data from GRk into memory. Otherwise, they don’t change memory. 

As the description of each instruction, refer to 1.3.3 Store GR (page 24). 

The CSTB instruction operates as STB instruction, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CSTH instruction operates as STH instruction, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CST instruction operates as ST instruction, when the condition specified by the #cond field 
is equal to the condition shown with CCi. 

The CSTD instruction operates as STD instruction, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CSTBU instruction operates as STBU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CSTHU instruction operates as STHU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 
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The CSTU instruction operates as STU instruction, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CSTDU instruction operates as STDU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

Table 33 shows the values of #cond field. 


Registers altered (except destination register) 


GRi ... Instruction with “update” form only 


Occurrence Exceptions 


mem_address_not_aligned (except byte Store) 
data_access_exception 

data_access MMU_ miss 

data_access_error 

data_store_error 

register_exception (unimplement_exception, register_not_aligned) 


Detected Exceptions 


none 


Table 33 Values of #cond field 


value meaning 
0 False 
1 True 
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1.12.4. Store FR 


Ope-code op Operation 

CSTBF 1100110 Conditional Store Byte FR register 
CSTHF 1100110 Conditional Store Halfword FR register 
CSTF 1100110 Conditional Store Word FR register 


CSTDF 1100110 Conditional Store Double FR register 

CSTBFU 1101000 Conditional Store Byte FR register with Update Index 
CSTHFU 1101000 Conditional Store Halfword FR register with Update Index 
CSTFU 1101000 Conditional Store Word FR register with Update Index 
CSTDFU 1101000 Conditional Store Double FR register with Update Index 


Category 


Integer, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765432 1 0 


me [| oe feo] [owl ce 


#cond 
Assembler Syntax 


CSTBF — FRk, @(GRi, GRj), CCi, #cond 
CSTHF — FRk, @(GRi, GRj), CCi, #cond 
CSTF FRk, @(GRi, GRj), CCi, #cond 
CSTDF — FRk, @(GRi, GRj), CCi, #cond 
CSTBFU  FRk, @(GRi, GRj), CCi, #cond 
CSTHFU — FRk, @(GRi, GRj), CCi, #cond 
CSTFU —_- FRk, @(GRi, GR)), CCi, #cond 
CSTDFU — FRk, @(GRi, GRj), CCi, #cond 


Description 


The conditional floating-point Store instructions calculate “GRi + GRj” as an effective address. 
When the condition specified by the #cond field is equal to the condition shown with CCi, the 
instructions copy data from FRk into memory. Otherwise, they don’t change memory. 

As the description of each instruction, refer to 1.3.4 Store FR (page 26). 

The CSTBF instruction operates as STBF instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CSTHF instruction operates as STHF instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CSTF instruction operates as STF instruction, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CSTDF instruction operates as STDF instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CSTBFU instruction operates as STBFU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CSTHFU instruction operates as STHFU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 
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The CSTFU instruction operates as STFU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CSTDFU instruction operates as STDFU instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

Table 34 shows the values of #cond field. 


Registers altered (except destination register) 


GRi ... Instruction with “update” form only 


Occurrence Exceptions 


fp_ disabled 

mem_address_not_aligned (except byte Store) 
data_access_exception 

data_access MMU_ miss 

data_access_error 

data_store_error 

register_exception (unimplement_exception, register_not_aligned) 


Detected Exceptions 


none 


Table 34 Values of #cond field 


value meaning 
0 False 
1 True 
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1.13. Conditional Data transfer Instructions 


1.13.1. Swap 

Ope-code op ope Operation 

CSWAP 1100101 10 Conditional Swap register with memory 
Category 


Control, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 16 15 1413121110 9 8 7 6 5 43 2 1 ~°0 


Se 


#cond 
Assembler Syntax 


CSWAP —_ @(GRi, GRj), GRk, CCi, #cond 


Description 


The Conditional Swap Load-Store Instructions calculate “GRi + GRj” as an effective address. 
When the condition specified by the #cond field is equal to the condition shown with CCi, the 
instruction exchange GRk with the contents of the word addressed memory location. 
Otherwise, the instruction changes neither GRk nor memory. 

The CSWAP instruction operates as SWAP instruction(page 28), when the condition specified 
by the #cond field is equal to the condition shown with CCi. 

Table 35 shows the values of #cond field. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


mem_address_not_aligned 
data_access_exception 

data_access MMU_miss 

data_access_error 

data_store_error 

register_exception (unimplement_exception) 


Detected Exceptions 


none 
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Table 35 Values of #cond field 


value meaning 
0 False 
1 True 
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1.13.2. Move 


Ope-code op Operation 
CMOVGF 1101001 Conditional Move GR to FR 


CMOVGFD 1101001 Conditional Move GR to FR Double 
CMOVFG 1101001 Conditional Move FR to GR 
CMOVFGD 1101001 Conditional Move FR to GR Double 


Category 


Integer, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7654321 0 


pf ree [| ei] Jone] ari 


#cond 
Assembler Syntax 


CMOVGF_ GRj, FRk, CCi, #cond 
CMOVGFD GRj, FRk, CCi, #cond 
CMOVFG - FRk, GRj, CCi, #cond 
CMOVFGD FRk, GRj, CCi, #cond 


Description 


When the condition specified by the #cond field is equal to the condition shown with CCi, the 
conditional register transfer instructions copy data between GR and FR. Otherwise, the 
instructions do not copy data. 

As the description of each instruction, refer to 1.4.2 Move (page 30). 

The CMOVGF instruction operates as MOVGF instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CMOVGED instruction operates as MOVGFD instruction, when the condition specified by 
the #cond field is equal to the condition shown with CCi. 

The CMOVFG instruction operates as MOVFG instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CMOVFGD instruction operates as MOVFGD instruction, when the condition specified by 
the #cond field is equal to the condition shown with CCi. 

Table 36 shows the values of #cond field. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


fp_ disabled 
register_exception (unimplement_exception, register_not_aligned) 


Detected Exceptions 


none 
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Table 36 Values of #cond field 


value meaning 
0 False 
1 True 
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1.14. Conditional Control transfer Instructions 


1.14.1. Jump and Link 


Ope-code op ope Operation 
CJMPL 1101010 10 Conditional JUMP and Link 
Category 


Integer, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 4321 0 


fT - tp ori cei | fone] ori 
LI 


#cond 
Assembler Syntax 


CJMPL @(GRi, GRj), CCi, #cond (In case LI=0) 
CCALLL @(GRi, GRj), CCi, #cond (In case LI=1) 
Description 


The CJMPL Instructions operates as JMPL instruction(page 43), when the condition specified 
by the #cond field is equal to the condition shown with CCi. 

Table 37 shows the values of #cond field. 

Even if the branch target address is not aligned on word boundary, the 
mem_address_not aligned exception doesn't occur. In this case, the low-order bits below the 
word boundary in the branch target address is "0". 


Table 37 Values of #cond field 


value meaning 
0) False 
1 True 


Registers altered (except destination register) 
LR 


Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


none 
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1.15. Conditional Scan instruction 


1.15.1. Scan 

Ope-code op Ope Operation 

CSCAN 1100101 11 Conditional SCAN 
Category 


Integer, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 1413121110 9 8 765 43 2 1 0 


a ee 


#cond 
Assembler Syntax 


CSCAN GRi, GRj, GRk, CCi, #cond 


Description 


The Conditional SCAN Instruction operates as SCAN instruction(page 56), when the condition 
specified by the #cond field is equal to the condition shown with CCi. 
Table 38 shows the values of #cond field. 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


register_exception (unimplement_exception) 


Detected Exceptions 


none 


Table 38 Values of #cond field 


value meaning 
0 False 
1 True 
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1.16. Conditional Condition code operating Instructions 


1.16.1. Check for Integer Condition code 


Ope-code op ope Operation 
CCKicc 1101010 00 Conditional Check for Integer Condition code 
Category 


Branch, Conditional 


Instruction Format (Conditional Branch Instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 43 2 10 


[ana foci] | = ‘| co [Jone] = [icc 


#ccond 


Assembler Syntax 


CCKice ICCi, CCx, CCi, #econd (x =4-7) 
CCKEQ. :Z= 
CCKNE  : Z==0 
CCKLE : (Z or(N xor V))== 
CCKGT — : (Zor(N xor V))==0 
CCKLT : (N xor V)== 
CCKGE ~— :(Nxor V)== 
CCKLS :(C or Z)== 
CCKHI :(C or Z)== 


CCKC :C== 
CCKNC :C== 
CCKN > N= 
CCKP > N== 
CCKV > V== 
CCKNV — : V== 


CCKNO CCx, CCi, #ccond (x=4—7) 
CCKRA_ CCx, CCi, #ccond (x=4-7) 


Description 


When the condition specified by the #ccond field is equal to the condition shown with CCi, the 
CCKicc instruction tests the #cond field of ICCi shown in Table 39 and copies the result in 
CCx. Otherwise, the instruction copies Undefined to CCx. Table 40 shows the value of #ccond 
field. 
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Table 39 #cond field and pseudo opecode 


Operation 


Instruction Set Reference 


icc test 


CCKEQ 


Conditional Check Equal 


Z 


CCKNE 


Conditional Check Not Equal 


Not Z 


CCKLE 


Conditional Check Less or Equal 


or (N xor V) 


CCKGT 


Conditional Check Greater 


Not (Z or (N xor 


)) 


CCKLT 


Conditional Check Less 


Y xor V 


CCKGE 


Conditional Check Greater or Equal 


Yot (N xor V) 


CCKLS 


Conditional Check Less or Equal Unsigned 


or Z 


CCKHI 


Conditional Check Greater Unsigned 


Yot (C or Z) 


CCKC 


Conditional Check Carry Set 


CCKNC 


Conditional Check Carry Clear 


ot C 


CCKN 


Conditional Check Negative 


CCKP 


Conditional Check Positive 


ot N 


CCKV 


Conditional Check Overflow Set 


CCKNV 


Conditional Check Overflow Clear 


ot V 


CCKNO 


Conditional Check Never 


CCKRA 


Conditional Check Always 


Table 40 Values of #ccond field 


value meaning 
0 False 

1 True 

Table 41 Values of CCCR 

value meaning 
00 Undefined 
O01 Undefined 
10 False 

11 True 


Table 42 test results and values of CCCR 


icc result meaning 
True 11 
False 10 
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Registers altered (except destination register) 


none 


Occurrence Exceptions 


none 


Detected Exceptions 


none 
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1.16.2. Check for Floating-point/Media Conditional code 


Ope-code op ope Operation 
CFCK fcc 1101010 01 Conditional Check for Floating-point/Media Conditional code 
Category 


Branch, Conditional 


Instruction Format (Conditional Branch Instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 


[[acont foc] | | cci [fore] fron 


Assembler Syntax 


#econd 


CFCKfcec FCCi, CCx, CCi, #econd (x = 0-3) 


CFCKNE 
CFCKEQ 
CFCKLG 
CFCKUE 
CFCKUL 
CFCKGE 
CFCKLT 
CFCKUGE 
CFCKUG 

CFCKLE 
CFCKGT 

CFCKULE 
CFCKU 
CFCKO 


: (L or Gor U)== 
> E== 

: (L or G)== 

: (E or U)== 

: (L or U)== 

: (E or G)== 

> L== 

: (E or G or U)==1 
: (Gor U)== 

: (E or L)== 

: G== 

: (E or L or U)==1 
: U== 

: (E or L or G)==1 


CFCKNO- CCx, CCi, #ccond (x = 0-3) 
CFCKRA_ CCx, CCi, #ccond (x = 0-3) 


Description 


When the condition specified by the #ccond field is equal to the condition shown 
with CCi, the CFCKfcc instruction tests the #cond field of FCCi shown in 
Table43, and copies the result in CCx. Otherwise the instruction copies 
Undefined to CCx. Table 44 shows the value of #ccond field. 
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Table 43 #cond field and pseudo ope-code 


Pseudo Ope-code Operation 


fcc test 


CFCKNE Conditional Check Not Equal 


LorGorU 


CFCKE Conditional Check Equal 


E 


Q)O 


CFCKL Conditional Check Less or Greater 


LorG 


CFCKU Conditional Check Unordered or Equal 


EorU 


CFCKU Conditional Check Unordered or Less 


LorU 


my | 


CFCKG Conditional Check Greater or Equal 


EorG 


CFCKL Conditional Check Less 


L 


CFCKU Conditional Check Unordered or Greater or Equal 


EorGorU 


CFCKU Conditional Check Unordered or Greater 


GorU 


MalQ| A 


CFCKL Conditional Check Less or Equal 


EorL 


CFCKG Conditional Check Greater 


G 


Ccl4 
td 


CFCKU Conditional Check Unordered or Less or Equal 


EorLorU 


CFCKU Conditional Check Unordered 


U 


CFCKO Conditional Check Ordered 


EorLorG 


CFCKNO Conditional Check Never 


0 


CFCKRA Conditional Check Always 


Table 44 Values of #ccond field 


value meaning 
0 False 

1 True 

Table 45 Values of CCCR 

value meaning 
00 Undefined 
O01 Undefined 
10 False 

11 True 


Registers altered (except destination register) 


none 


Occurrence Exceptions 


fp_ disabled 


Detected Exceptions 


none 
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Conditional Media Instructions 


1.17.1. Logical Operations 


Ope-code op Operation 


CMAND 1110000 Conditional Media And 


CMOR 1110000 Conditional Media OR 


CMXOR 1110000 Conditional Media XOR 


CMNOT 1110000 Conditional Media NOT 


Category 


Media, Conditional 
Single word 


Instruction Format (Conditional instruction) 


31 


30 29 28 27 26 25 24 23 22 21 20 19 18171615 14131211109 876543210 


Prk | | [cc] Joe] 


#cond 


Instruction Format (Conditional Not-Operation instruction) 


31 


30 29 28 27 26 25 24 23 222120191817 1615141312111099 8 765432 10 


Cr] | - [ea] [on] i 


#cond 


Assembler Syntax 


CMAND _ FRi, FRj, FRk, CCi, #cond 
CMOR FRi, FRj, FRk, CCi, #cond 
CMXOR _ FRi, FRj, FRk, CCi, #cond 
CMNOT FRj, FRk, CCi, #cond 


Description 


The Conditional Media Logical Instruction operates FRi and FRj in logical. When the 
condition specified by the #cond field is equal to the condition shown with CCi, the instruction 
writes the result in FRk. Otherwise, they don’t change FRk. 

As the description of each instruction, refer to 1.10.2 Logical Operations (page 86). 

The CMAND instruction operates as MAND instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CMOR instruction operates as MOR instruction, when the condition specified by the #cond 
field is equal to the condition shown with CCi. 

The CMXOR instruction operates as MXOR instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CMNOT instruction operates as MNOT instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

Table 46 shows the values of #cond field. 
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Registers altered (except destination register) 


none 


Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception) 


Table 46 Values of #cond field 


value meaning 
0 False 
1 True 
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1 Instruction Set Reference 


1.17.2. Add / Subtract with Saturation (Halfword Dual) 


Ope-code op Operation 

CMADDHSS 1110001 Conditional Dual Add Signed Halfword with Saturation 
CMADDHUS 1110001 Conditional Dual Add Unsigned Halfword with 

Saturation 

CMSUBHSS 1110001 Conditional Dual Subtract Signed Halfword with Saturation 
CMSUBHUS 1110001 Conditional Dual Subtract Unsigned Halfword with 
Saturation 


Category 
Media, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 0 


eo 


#cond 


Assembler Syntax 


CMADDHSS FRi, FRj, FRk, CCi, #cond 
CMADDHUS FRi, FRj, FRk, CCi, #cond 
CMSUBHSS FRi, FRj, FRk, CCi, #cond 
CMSUBHUS FRi, FRj, FRk, CCi, #cond 


Description 


The Conditional Media Addition and Subtraction with Saturation Instructions operate FRi and 
FRj in arithmetic. When the condition specified by the #cond field is equal to the condition 
shown with CCi, the instruction writes the result in FRk. Otherwise, they don’t change FRk. 

As the description of each instruction, refer to 1.10.12 Add / Subtract with Saturation 
(Halfword Dual) (page 98). 

The CMADDHSS instruction operates as MADDHSS instruction, when the condition specified 
by the #cond field is equal to the condition shown with CCi. 

The CMADDHUS instruction operates as MADDHUS instruction, when the condition 
specified by the #cond field is equal to the condition shown with CCi. 

The CMSUBHSS instruction operates as MSUBHSS instruction, when the condition specified 
by the #cond field is equal to the condition shown with CCi. 

The CMSUBHUS instruction operates as MSUBHUS instruction, when the condition specified 
by the #cond field is equal to the condition shown with CCi. 

Table 47 shows the values of #cond field. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 
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Detected Exceptions 


mp_exception (unimplement_exception, overflow) 


Table 47 Values of #cond field 


value meaning 
0) False 
1 True 
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1 Instruction Set Reference 


1.17.3. Multiply and Accumulate (Halfword Dual) 


Ope-code op Operation 
CMMULHS 1110010 Conditional Dual Multiply Signed Halfword 
CMMULHU 1110010 Conditional Dual Multiply Unsigned Halfword 


CMMACHS 1110010 Conditional Dual Multiply and Accumulate Signed 
Halfword 


CMMACHU 1110010 Conditional Dual Multiply and Accumulate Unsigned 
Halfword 


Category 
Media, Conditional 


Instruction Format (Conditional media ACC instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 6 5 43 2 1 0 


[acer [op | rai | cci| Jone] | 


#cond 


Assembler Syntax 


CMMULHS FRi, FRj, ACCk, CCi, #cond 
CMMULHU FRi, FRj, ACCk, CCi, #cond 
CMMACHS FRi, FRj, ACCk, CCi, #cond 
CMMACHUERi, FRj, ACCk, CCi, #cond 


Description 


The Conditional Media Dual Multiply and Accumulation Instructions operate FRi and FR in 
arithmetic. When the condition specified by the #cond field is equal to the condition shown 
with CCi, the instruction writes the result in ACCk. Otherwise, they don’t change ACCk. 

The Conditional Media Dual Multiply and Accumulation Instructions operate FRi, FRj, 
ACCGk and ACCKk in arithmetic. When the condition specified by the #cond field is equal to 
the condition shown with CCi, the instruction writes the result in the accumulator which 
concatenates ACCGk and ACCk as 40-bit integer. Otherwise, they change neither ACCGk nor 
ACCk. 

The CMMULHS instruction operates as MMULHS instruction(page 100), when the condition 
specified by the #cond field is equal to the condition shown with CCi. 

The CMMULHU instruction operates as MMULHU instruction, when the condition specified 
by the #cond field is equal to the condition shown with CCi. 

The CMMACHS instruction operates as MMACHS instruction(page 104), when the condition 
specified by the #cond field is equal to the condition shown with CCi. 

The CMMACHU instruction operates as MMACHU instruction, when the condition specified 
by the #cond field is equal to the condition shown with CCi. 

Table 48 shows the values of #cond field. 


Registers altered (except destination register) 
MSR 
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Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception, acc_not_aligned, overflow) 


Table 48 Values of #cond field 


value meaning 
0 False 
1 True 
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1 Instruction Set Reference 


1.17.4. Add / Subtract with Saturation (Halfword Quad) 


Ope-code op Operation 

CMQADDHSS 1110011 Conditional Quad Add Signed Halfword with Saturation 
CMQADDHUS 1110011 Conditional Quad Add Unsigned Halfword with 
Saturation 

CMQSUBHSS 1110011 Conditional Quad Subtract Signed Halfword with 
Saturation 

CMQSUBHUS 1110011 Conditional Quad Subtract Unsigned Halfword with 
Saturation 


Category 


Media, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 765 432 1 0 


[om [| mi [colon] mi 


#cond 


Assembler Syntax 


CMQADDHSS ___ FRi, FRj, FRk, CCi, #cond 
CMQADDHUS _ FRi, FRj, FRk, CCi, #cond 
CMQSUBHSS __ FRi, FRj, FRk, CCi, #cond 
CMQSUBHUS _ FRi, FRj, FRk, CCi, #cond 


Description 


The Conditional Media Quad Addition and Subtraction with Saturation Instructions operate FRi 
and FRj in arithmetic. When the condition specified by the #cond field is equal to the condition 
shown with CCi, the instruction writes the result in FRk. Otherwise, they don’t change FRk. 

As the description of each instruction, refer to 1.10.17 Add / Subtract with Saturation 
(Halfword Quad) (page 108). 

The CMQADDHSS instruction operates as MQADDHSS instruction, when the condition 
specified by the #cond field is equal to the condition shown with CCi. 

The CMQADDHUS instruction operates as MQADDHUS instruction, when the condition 
specified by the #cond field is equal to the condition shown with CCi. 

The CMQSUBHSS instruction operates as MQSUBHSS instruction, when the condition 
specified by the #cond field is equal to the condition shown with CCi. 

The CMQSUBHUS instruction operates as MQSUBHUS instruction, when the condition 
specified by the #cond field is equal to the condition shown with CCi. 

Table 49 shows the values of #cond field. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 
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Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, overflow) 


Table 49 Values of #cond field 


values meaning 
0 False 
1 True 
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1 Instruction Set Reference 


1.17.5. Multiply / Multiply and Accumulate (Halfword Quad) 


Ope-code op Operation 
CMQMULHS 1110100 Conditional Quad Multiply Signed Halfword 
CMQMULHU 1110100 Conditional Quad Multiply Unsigned Halfword 


CMQMACHS 1110100 Conditional Quad Multiply and Accumulate Signed 
Halfword 

CMQMACHU 1110100 Conditional Quad Multiply and Accumulate Unsigned 
Halfword 


Category 
Media, Conditional 


Instruction Format (Conditional media ACC instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 119 1817 1615 14131211109 8 765 432 1 0 


[ace [op | rei [ci | fore] rw _ 


#cond 
Assembler Syntax 


CMQMULHS FRi, FRj, ACCk, CCi, #cond 
CMQMULHU __FRi, FRj, ACCk, CCi, #cond 
CMQMACHS __ FRi, FRj, ACCk, CCi, #cond 
CMQMACHU __ FRi, FRj, ACCk, CCi, #cond 


Description 


The Conditional Media Quad Multiply/Multiply and Accumulation Instructions operate FRi 
and FRj in arithmetic. When the condition specified by the #cond field is equal to the condition 
shown with CCi, the instruction writes the result in accumulator which concatenates ACCGk, 
ACCk as 40-bit integer. Otherwise, they don’t change accumulator. 

The Conditional Media Quad Multiply/Multiply and Accumulation Instructions operate FRi, 
FRj, ACCGk and ACCk in arithmetic. When the condition specified by the #cond field is equal 
to the condition shown with CCi, the instruction writes the result in the accumulator which 
concatenates ACCGk, ACCKk as 40-bit integer. Otherwise, they don’t change accumulator. 

The CMQMULHS instruction operates as MQMULHS instruction(page 111), when the 
condition specified by the #cond field is equal to the condition shown with CCi. 

The CMQMULHU instruction operates as MQMULHU instruction, when the condition 
specified by the #cond field is equal to the condition shown with CCi. 

The CMQMACHS instruction operates as MQMACHS instruction(page 115), when the 
condition specified by the #cond field is equal to the condition shown with CCi. 

The CMQMACHU instruction operates as MQMACHU instruction, when the condition 
specified by the #cond field is equal to the condition shown with CCi. 

Table 50 shows the values of #cond field. 


Registers altered (except destination register) 
MSR 
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Occurrence Exceptions 


mp_ disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned, acc_not_aligned, overflow) 


Table 50 Values of #cond field 


value meaning 
0 False 
1 True 
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1. Instruction Set Reference 


1.17.6. Complex Multiply (Halfword Dual) 


Ope-code op Operation 
CMCPXRS 1110101 Conditional Dual Complex Real Signed Halfword 


CMCPXRU 1110101 Conditional Dual Complex Real Unsigned Halfword 
CMCPXIS 1110101 Conditional Dual Complex Imaginary Signed Halfword 
CMCPXIU 1110101 Conditional Dual Complex Imaginary Unsigned Halfword 


Category 
Media, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 119 1817 1615 14131211109 8 7 65 43 2 1 0 


[ace [op | mei [ci] Jove] wv _ 


#cond 
Assembler Syntax 


CMCPXRS_ FRi, FRj, ACCk, CCi, #cond 
CMCPXRU FRi, FRj, ACCk, CCi, #cond 
CMCPXIS_ FRi, FRj, ACCk, CCi, #cond 
CMCPXIU_ FRi, FRj, ACCk, CCi, #cond 


Description 


The Conditional Media Dual Multiply with Additional for Complex number Instruction 
operates FRi and FRj in arithmetic. When the condition specified by the #cond field is equal to 
the condition shown with CCi, the instruction writes the result in accumulator which 
concatenates ACCGk, ACCKk as 40-bit integer. Otherwise, they don’t change accumulator. 

As the description of each instruction, refer to 1.10.24 Complex Multiply (Halfword Dual) 
(page 123). 

The CMCPXRS instruction operates as MCPXRS instruction, when the condition specified by 
the #cond field is equal to the condition shown with CCi. 

The CMCPXRU instruction operates as MCPXRU instruction, when the condition specified by 
the #cond field is equal to the condition shown with CCi. 

The CMCPXIS instruction operates as MCPXIS instruction, when the condition specified by 
the #cond field equal to the condition shown with CCi. 

The CMCPXIU instruction operates as MCPXIU instruction, when the condition specified by 
the #cond field equal to the condition shown with CCi. 

Table 51 shows the values of #cond field. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_ disabled 
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Detected Exceptions 


mp_exception (unimplement_exception) 


Table 51 Values of #cond field 


values meaning 
0 False 
1 True 
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1 Instruction Set Reference 


1.17.7. Expand (Halfword) 


Ope-code op Operation 
CMEXPDHW 1110110 Conditional Expand Halfword to Word 
CMEXPDHD 1110110 Conditional Expand Halfword to Double-Word 


Category 
Media, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 1716 15 14131211109 8 76 5 4 3 21 0 
a 
#cond 
Assembler Syntax 


CMEXPDHW FRi, #86, FRk, CCi, #cond 
CMEXPDHD FRi, #86, FRk, CCi, #cond 
Description 


When the condition specified by the #cond field is equal to the condition shown with CCi, the 
Conditional Media Expand Instructions copy data of FRi indicated by #s6 to FRk. Otherwise, 
they don’t change FRk. 
The CMEXPDHW instruction operates as MEXPDHW instruction(page 133), when the 
condition specified by the #cond field is equal to the condition shown with CCi. 
The CMEXPDHD instruction operates as MEXPDHD instruction, when the condition specified 
by the #cond field is equal to the condition shown with CCi. 
Table 52 shows the values of #cond field. 

Registers altered (except destination register) 


MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned) 


Table 52 Values of #cond field 


value meaning 
0 False 
1 True 
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1.17.8. Convert Byte to/from Halfword 


Ope-code op Operation 


CMBTOH 1110111 Conditional Byte To Halfword 
CMHTOB 1110111 Conditional Halfword To Byte 


Category 
Media, Conditional 


Instruction Format (Conditional instruction) 


31 30 29 28 27 26 25 24 23 22 21 20 19 1817 1615 14131211109 8 7 65 43 2 1 0 


[ree fo | cei Jove] rR 


#cond 
Assembler Syntax 


CMBTOH _ FRj, FRk, CCi, #cond 
CMHTOB _ FRj, FRk, CCi, #cond 


Description 


The Conditional Media Byte-Halfword Conversion Instructions convert data in FRj. When the 
condition specified by the #cond field is equal to the condition shown with CCi, the instructions 
write the result in FRk. Otherwise, they don’t change FRk. 

As the description of each instruction, refer to 1.10.32 Convert Byte to/from Halfword (page 
139). 

The CMBTOH instruction operates as MBTOH instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

The CMHTOB instruction operates as MHTOB instruction, when the condition specified by the 
#cond field is equal to the condition shown with CCi. 

Table 53 shows the values of #cond field. 


Registers altered (except destination register) 
MSR 


Occurrence Exceptions 


mp_disabled 


Detected Exceptions 


mp_exception (unimplement_exception, register_not_aligned) 
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Table 53 Values of #cond field 


value meaning 
0 False 
1 True 
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2 VLIW instruction 


2. VLIW instruction 


FR400 series processor is implemented based on embedded Very Long Instruction Word (VLIW) 
processor architecture (FR-V architecture). This chapter provide the construction method of VLIW 
instruction, and VLIW instruction behavior. 


2.1. Construct ion of VLIW instruction 


FR-V architecture is based on Very Long Instruction Word (VLIW) architecture. Each instruction 
in a VLIW instruction is executed in parallel. VLIW instruction boundaries are specified by packing 
flag in each instruction. If a packing flag indicates 1, the instruction and the preceding instructions 
with the packing flag equal to 0 is packed in same VLIW instruction. 

FR-V assembler language define instruction option (.p) to specify the instructions in a VLIW 
instruction. Specifying the instruction option (.p) in the operation field indicates that the succeeding 
instruction is packed into the same VLIW instruction. 


[Example] 


<Assembler Language> 


Il : SUBcc.p GR26,GR22,GR0,iccO 

I2: MSUBHSS.p FR2,FR3,FR7 

13 : SUBIL.p GR26,#16,GR24 

14: MADDHSS FR2,FR3,FR6 

I5 : CKLT ICC0,CC4 

16 : CLDDF.p @(GR26,GRO0), FRO,CC4,#1 

17 : CLDDF @(GR26,GR23),FR2,CC4,#1 
<VLIW Instruction> 


POP i Po ee] Bt) a 
iS ia ie 


Oo] 6 | Ee 
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2.2. Execution of VLIW instruction 


2.2.1. Read/Write operation in same VLIW instruction 


GR1+GR2 Writing into GR3 


< | AbD GR1,GR2,6R} [ee See. 
< GR3+GR4 Writing into GR5 
—_ 
B | appGrpcraars # fn 
ct 
an 
different value GR3+GR6 Writing into GR7 
gf am@amae 
S| app GR},GR6,GR7 | | 
= 
— 
=) 
n 
ct 
bo 


The instructions in one VLIW instruction are executed in same time. When the same 
resource is read and written in the same VLIW instruction, in this case, the reading value is the 
value before updating. 

If the same resource is read and written in same VLIW instruction and the instruction which 
is read from the same resource detects the non-deferred precise interrupts, the instruction which 
is written into the same resource completes, and to read and write the same resource in the same 
VLIW instruction when it is necessary to ensure the recovery from the interrupts. 

If storing a result into same resource with different instructions in the same VLIW 
instruction, the value is not guaranteed. 


GR1+GR2 writing into GR3 > 


ADD GR1,GR2,6R} | erereae Specs ee the value of GR is not guaranteed 
GR4+GR5 writing into GR3 ~— 


ADD GR4,GR5,GR} ‘ree | 


T'3sul MITA 
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2.2.2. Execution of Control Transfer Instruction 


This section explains the operation of the control transfer instruction. The control 
transfer instruction is composed by the following six instructions. 
- conditional branch instruction(Bicc,FBfcc) 
- conditional branch instruction to LR(BiccLR,FBfccLR) 
- JMP and LINK instruction 
- CALL and LINK instruction 
- RETT instruction 
- trap instruction(Ticc,FT fcc) 


2.2.2.1 Execution of Control Transfer Instruction 
The pipeline behavior when the condition is false and true is explained by using the 
conditional branch instruction as a control transfer instruction. To make easy to understand, the 


execution of a control transfer instruction in the VLIW instruction is explained in this section. 


@ When the condition of conditional branch is false. 


a Bicc label iescancrae | <4. The condition is false. 
s writing into FR3 
ja 
e FADD FR1,FR2,FR3 ispeansstee | Sas eee ee eee eed 
or 
a preprocessing postprocessing 
Ss ADD GR1,GR2,GR38,9 00s verre 
= 
= 
vn 
P FADD FR4,FR5,FR6 setetsoeg [pe eS 
sud 
wo writing into FR6 
0 
) 
) 
fabel> ADD GR4,GR5,GR6 mw 
< The instructions do not execute. 
: a 
= FADD FR7,FR8,FR9 
jk 
ia 
ng 
S @ 
@ 
@ 
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When the condition of conditional branch is false, the sequential VLIW instruction in the 
VLIW instruction which contains the conditional branch instruction is executed after the VLIW 
instruction is executed. The instruction included in the same VLIW instruction as the branch 
instruction completed execution. 


@ When the condition of conditional branch is true. 


ane | <— The condition is true. 
writing into FR3 


FADD FR1,FR2,FR3 |evsvneeee [oe eee] 


T'3suy MITA 


preprocessing —_ postprocessing 


ADD GR1,GR2,GR3 . 
The instructions do not execute. 


FADD FR4,FR5,FR6 ~~ 


G SUT MITA 


ADDGR4,GR5GR6 00s ee 


FADD FR7,FR8,FR9 soveeetne [eee eee 


writing into FR9 


< 
ce 
— 
= 
p 
n 
—e 
p 


When the condition of conditional branch is true, a target VLIW instruction is executed after 
the VLIW instruction which contains the conditional branch instruction, and the sequential 
VLIW instruction in the VLIW instruction is not executed. The instruction included in the same 
VLIW instruction as the branch instruction completed execution. 

The target address of control transfer instruction should be a head of VLIW instruction. The 
operation when the target address is not at the head of VLIW instruction is not ensure. 
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2.2.2.2, Execution of Multiple Control Transfer Instruction is One VLIW 
In this section, the execution of multiple control transfer instruction in the VLIW instruction 
is explained. To make easy to understand the execution of two control transfer instructions in 


the VLIW instruction are used for the explanation. 


@ When both condition of conditional branch are false 


Bice labell =| ------>->- | «+ The condition is false. 


Bice lable2 ss | -==----- >> | «+ The condition is false. 


‘TUT MITA 


ADD GRI,GR2,GR38 ss vvrrrovre 


FADD FR1,FR2,FR3 [eee 


G48Ul MITA 


preprocessing postprocessing — writing into FR3 


Labell: ADD GR4,GR5,GR6 eS 


The instructions do not execute. 


FADD FR4,FR5,FR6 a 


ADD GR7,GR8,GR9 mw 


The instructions do not execute. 


y “a 


urysuyT MITA 


Label2: 


FADD FR7,FR8,FR9 


uysuy MITA 


When both of the condition of conditional branch is false, the sequential VLIW instruction in 
the VLIW instruction which contains the conditional instruction is executed after the VLIW 
instruction is executed, and the target VLIW instruction do not execute. 


209 


FR400 Series Instruction Set Manual 


@ When the first condition of conditional branch is true and the second is false. 


weeeeeneee | — The condition is true. 


pusdteaes | — The condition is false. 


Tsu] MITA 


< 
= ‘ADD GR1,GR2,GR3 . 
= The instructions do not execute. 
ke y <<“ 
P FADD FR1,FR2,FR3 
OD 
No 

) 

Lt) 

ADD GR4,GR5,GR6 0s ovr 

<j 
= 
— 
= FADD FR4,FR5,FR6 [cSeRee Rees esteterete ates s aes 
KH 
B pre-processing post-processing Writing into FR6 
B ) 

) 

Label2: |” App GR7,GR8,GR9 ~ 

S The instructions do not execute. 
KH 
= FADD FR7,FR8,FR9 aT 
> 
D 
5 ) 

t) 


When the first condition of conditional branch is true and the second one is false, the target 
VLIW instruction which is target of the first conditional branch is executed after the VLIW 
instruction which contains the conditional branch instruction. 
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@ When the first condition of conditional branch is false and the second is true. 


= Bicclabell =| -7-7-7>->- | << The condition is false. 
ey 
= 
al 
> | Biccdable2) 9 9 |--------- | 4 The condition is true. 
cot 
a 
< 
: ADD/GR1,GR2,GR3 Kw 
= The instructions do no execute. 
— y 
p FADD FR1,FR2,FR3 
ct 
io 
@ 
@ 
ADD GR4,GR5,GR6 . 
The instructions do no execute. 
FADD FR4,FR5,FR6 a 
@ 
@ 
ADD GR7,GR8,GR9 ss wre 
< 
i 
eH 
= FADD FR7,FR8,FR9  Ecaitacaamesd Gcketcuetenste ieieue cia weeeagiae | 
al 
A preprocessing postprocessing writing into FR9 
b @ 
@ 


When the first condition of conditional branch is false and the second one is true, the target 
VLIW instruction which is target of the second conditional branch is executed after the VLIW 
instruction which contains the conditional branch instruction. 
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@ When both of the condition of conditional branch are true. 


Bicclabell = | ---7-->> | «+ The condition is true. 


Bice lable2 | v7 | <— The condition is true. 


T'3suy MITA 


ADD GR1,GR2,GR3 mw 


The instructions do no execute. 


FADD FR1,FR2,FR3 a 


GSU] MITA 


Label | ADDGR4GR5,GR6 0 eee 


FADD FR4,FR5,FR6 eases! aaa! 


preprocessing postprocessing writing into FR9 


urysuyT MITA 


) 
A) 

Label2 | app GR7,GR8,GR9 — 
S The instructions do no execute. 
[| “ 
= FADD FR7,FR8,FR9 
— 

p 

n 

ay 

B 0 
 ) 


When multiple condition of control transfer instruction are taken, the target VLIW 
instruction, which is target of the branch instruction with young PC value, is executed. 
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Appendix 


Appendix 


1. Instruction Code Table 


31 30 29 28 27 26 25 24 23 22 21 2019 181716151413121110 9 8 765 4 3 2 1 0 


ADD [TGR [0000000 TGR [0000 TRC” 
ADDce | GRk GRi ICCi GRj 
ADDX [ark [0000000 [GR fcc ooro [Ri 
ADDXce | GRk GRi ICCi GRj 
SUB P [ark [_o000000 [GR [roo [RT 
SUBeo [GRk [0000000 [Ricci oro [RT 
SUBX | GRk GRi ICCi GRj 
SUBKee P[GRk [0000000 [GR icci[ om [RT 
SMUL [oR GR [= [1000 [GR 
SMULee P[GRk_ [0000000 [Ricci t00r_ [GR 
UMUL me: cri [= [toro [aR 
UMULee P[GRk [0000000 [GR cc rorr [RT 
CMPB P [= [000000 | i__[icci[ 1100 [GR 
CMPBA P[ = [000000 [GR icci[ ior [RT 
SDIV [ [GRE GR [= | io [GR 
UDIV P [Gre [000000 Ri [a [| 
AND P [ark [_oo0000r [GR = [0000 [RT 
ANDcc | GRk GRi ICCi GRj 
OR P [ark [_oooo00r GR [oro [RT 
ORce | GRk GRi ICCi GRj 
XOR P [ark [| ooo000r GR [roo [RT 
XORce | GRk GRi ICCi GRj 
NOT P [ark [| oooo0or Cd [to 
SLL i: GR [= [1000 [GR 
SLLec [Gre [000001 GRI_cci[_t0or_ [RT 
SRL P [Gre [000001 [Ri = [toro [RT 
SRLce | GRk GRi ICCi GRj 
SRA P[GRk[oo00001 [Ri = [ ri00 [RT 
SRAcc | GRk GRi ICCi GRj 
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LDSB 
LDUB 
LDSH 
LDUH 
LD 
LDD 
LDBF 
LDHF 
LDF 
LDDF 
LDSBU 
LDUBU 
LDSHU 
LDUHU 
LDU 
LDDU 
LDBFU 
LDHFU 
LDFU 
LDDFU 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 1413 121110 9 8 7 6 5 4 38 2 1 «0 


[Gre [0000010 [_GRi__[ 00000 [ GR __| 
-[_Grk [0000010 [Gri | _000001__[___GRi_| 
[Gre [oo00010_[ Gri | 000010 | __GR_ 
[Gre [0000010 | _Gri___| 00011 | ___GR_ 
SN LE 
/ 0000010 | __GRi__| 001010 _| 

/ 0000010 | __GRi__| 001011 _| 


a 

[ark [000010 [ari [10003 [or 

ER 2 
GRi 


[—eoo0010 [ari [010011 | 

eS 
[A [000070 [ari [_ort00 [os 
[| e000 [ori [orton 
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Table Contents 


31 30 29 28 27 26 25 24 23 22 21 201918 1716151413121110 9 8 765 43 2 1 0 


STB [ark [| ooo | _cki__-| 00000 | mi 
STH [ark [0000011 [aki | 000001 ari __| 
ST [ark [0000011 [aki | 00010 | _ari__| 
STD [ark [0000011 [ari | 000011 _ari__| 
SWAP [ark [0000011 [aki [ oon | cri __| 
MOVGS [Fre [0000011 | | oom10_| _ari__| 
MOVSG [Fre [0000011 | | oon | _ari__| 
STBF -[-—Frk [0000011 [ari | 001000 _ari__| 
STHF [Fre [0000011 [ari | 0101 _ari__| 
STF [Fre [0000011 [aki | _oo1010_| _ari__| 
STDF [Fre [0000011 [aki | onion _ari__| 
MOVFG [Fre [0000011 [| oon | _ari__| 
MOVFGD P[ Fre [0000011 [| ono | _ari__| 
STBU [ark [0000011 [ari | 10000 _ari__| 
STHU [ark [0000011 [ari | 10001 ari __| 
STU [ark [0000011 [ari | 10010 _ari__ 
STDU [ark [0000011 [ari | 10011 _ari__| 
MOVG [Fre [0000011 [| orion | ari 
MOVGRD [Fre [0000011 [| 1010 _ari__ 
STBFU [Fre [0000011 [aki | 11000 _ari__| 
STHFU [Fre [0000011 [aki | oro _ari__| 
STFU [Fre [0000011 [aki | _onsox0__| _ari__| 
STDFU [Fre [0000011 [aki | ono | _ari__| 
LRAI [ark [0000011 |__| 100000 | B[D]S[_000_| 
LRAD [ark [0000011 [ari | 100001 |] 5] 000 | 
TLBPR PLT em [Ef ooo: [ari [100 | as 
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ICPL 
ICUL 
DCPL 
DCUL 
ICI 
ICEI 
DCEI 
DCEF 
DCI 
DCF 
BAR 
MEMBAR 
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0000011 GR: 110000 GR) 

0000011 110001 
0000011 110100 
0000011 110101 
0000011 111000 
0000011 111001 
0000011 111010 
0000011 111010 
0000011 111100 
0000011 111101 
0000011 111110 
0000011 111111 


im 


Q 
Ry 


| 
8 
im 


Q 
dae 


Q] a} 2 
Ral Band Beas 


a 


FFE 
al a} a] a] a] a] a] a} @ 
| j 
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Tice P| Fond [ICC] 0000700 [ori __ 

FT fcc | #cond FCC} 0000100 | i 

MITRAP a a 

BREAK P| _0000100 | 

REDD a a 

Bice [Frond [ICG] 0000710 Fin 

Bice tf FOC] _o000r1 Fim label 
Rice | Feond fe oor SC~*R 
FCKee ta Ctx] oor * OT 
CLRGR [Gre [0001010] | 000000 [| 
OLRGA P| 2001010] =| 000001 [=] 
OLRFR [FRE [0001010] | 00010 | —___ 
OLRFA a (EC a 
ANDOR [=| ote [0001010 | =] ee | 01000 |_| or | 
ORCR [= [6c [001010] =| 6x | 01001 [=| ory | 
XORCR [ocx | oo01010 | | ex | oo1010 |_| 
NOTCR Oe 
NANDCR [oe [—oo01010| =] | 001100 |_| 
NORCR PL [ oe [0001010] =| 66 | oort01 |_| or | 
ANDNCR [oe | o001010—| =| 60x] 10000 | 
ORNCR [oe [0001010] =| 6] 10001 [=| ory | 
NANDNoR = [|__| Gz | —oooini0_ [=~ [ocx [010100 |_| 
NORNCR P= [ ete [0001010] | ee | ororor [=| ory | 
SCAN cL: i 
JMPL A 
CALLL PL} 0001100] ars] i 
IMPIL [fof coor | or fr 
CALLIL Se 
BetrLR [| ooor0 rin 00% [|e Fecond = CS 
BicoLR P| Feond JCC] 0001110 Fhin_or0 [=| ___—— SC—S 
BOiceLR ta TCG] 0001110 —_frhin_o11_|_[CFecond = ————S—~S 
FBfccLR [Fond FCC] 0001110 hin 110 [>| SSS 
FCBfecLR -] Foc} 0001110 fhm! 111 | [<#ocond = 

CALL P [beth @ [oor [sie CSCSCSC~C~S 
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ADDI [oR ae 
ADDIce [ork [oor 0007 [or #10 
ADDXI [ork 3 
ADDXCIce [ork 

SUBI [ork | oor0100 [or 

SUBIcc [ork 3 

SUBXI [ork [corr 

SUBXIce [| __GRk 

SMULI [ork [001000 [or 

SMULIce [| ___ GRE 

UMULI [ork [corr [or 

UMULIce [| ___ GRE 

Tlice [ond [IOC] —oort100 [oR 

Tec [teond [FCC] ——oorti01 [oR 

SDIVI [oR 3 

UDIVI a 

ANDI i 3 

ANDIce [ork [000001 [or 

ORI i 3 

ORIcc [ork [0100011 [or 

XORI i 3 

XORIee [ork [0100101 [or 

SLU i 3 

SLLIce [ork | or01001 [or 

SRLI [ork [oor [or 

SRLIee ial 3 

SRAI [ork [0701100 

SRAlce i 
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LDSBI [Gre [0110000 [Ri a2 
LDSHI [rk | o10001 [ri a2 
LDI [rk ors0010 [ar a2 
LDDI [rk [ono or ee 
LDUBI [rk orsor01 [ar a2 
LDUHI [rk [oro [or a2 
LDBFI [FR [0111000 [ak a 
LDHFI P[ FR orsi001__ [Ri a2 
LDFI P[ Rk orsio0__[_ oR a2 
LDDFI P[ Rk [ onions [Rr a 
SETLO P[ cre [oor fC C~*Y 
SETHI P[ rk [ono Cd 
SETLOS SS 
ADDSS [-—Grk__[-_tooorr0 [Ri |__000000_ [cri] 
SUBSS [-—crk__[-tooorr0 [ari [000001 [Gri] 
SLASS [Gre __[-_tooorr0 [ari 000010_ | —_Gri__] 
SCUTSS -[-_crk__[-_tooorr0_[-—_- [000100 [cri] 
SMU [| _tooorro [ar [coor [ari] 
SMASS [oor [arco [ari] 
SMSSS [voor [rico far] 
SCANI Pork [oor fo CC*d 
SWAPI P[ Gre [toons Ri] CS 
STBFI [FR [toro [ok a2 
STHFI a Ee a2 
STBI [rk [1010000 [ri a2 
STH [rk t010001 [aki a2 
STI P [rk [010010 [ki a2 
STDI [rk [t0r0011 [ri a2 
STFI a CC a2 
STDFI [FR [_soro0 [ak a2 
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CADD 
CSUB 
CSMUL 
CSDIV 
CADDcc 
CSUBcc 
CSMULcc 
CUDIV 
CAND 
COR 
CXOR 
CNOT 
CANDcc 
CORcc 
CXORcc 
CSLL 
CSRL 
CSRA 
CSLLcce 
CSRLcc 
CSRAcc 
CLDSB 
CLDUB 
CLDSH 
CLDUH 
CLD 
CLDD 
CLDBF 
CLDHF 
CLDF 
CLDDF 
CLDSBU 
CLDUBU 
CLDSHU 
CLDUHU 
CLDU 
CLDDU 
CLDBFU 
CLDHFU 
CLDFU 
CLDDFU 
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[oR fort000 Rd oO 
[rk | sort000 [ori [0c efor [a 
[Rk | sor1000—[ ori [0a ao [os 
[ark | —tort000 [aioe ea [os 
Cai ioiroot [a —ef-o0 | os 
a 
Ss 
To cc 
[iorro10 [ari 001 fe 00 | _GR 
[Sonrere [an ear fo | o— 
[—ionio10 | _ori__ ocr fo |_| 
[tone [i or ea | or 
Pion | _ a __[ ocr foo | or _ 
CE 
—iairon [ot 0 fo os 
[torsz00 [or cf 00a 
[iorir00 [ori oar ff or | 
[rk [ari [0 00 [os 
Pork [orion [or oa efor [os 
[rk [tortion [ori [oa fae [or 
[ai onto] a 6-00 | om 
LE ST 
[Gre] aoio [05 fa a0 
eT 
Park [sors [ari [0 ff 00 [ar 
Poa or [aor fet oo 
[a [100000 [ori [oa foo [os 
Pe aro0000 [afer fe ona 
[| 00000 [ari [0a ao | 
AO 
[0001] ani 00 —o — 
So 
[—ark[ 1100010 [ai 0G ff oo | om __ 
[Rk [sr0001 [ari [or ff 00 [os 
ak aeons | a efor os 
i 
[Re 


peal sae Mite = Ne Pos et 
x1 a 
fo a 


=e) 
an 


zs) 
yr 


1100011 
1100011 
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Seem com GoM CeO CGS ae ae oO Cc fc Cred ae aoc cl fd cd 
DIS 1S |S |S |S OS |S [OS [S [S |S [S |S |S |S SG 15 |S |S JS lo 


COlAlA|ala oe ne tl oe ne tl Of]A]x oO] sa 5 a a 
Slololololololololelelelelelelelelelelelelek Ix lele 
ROAR OE OEE EERE Ess sss AR 


emt fem fe fe [er [eR [er fe [er Je [es [er [er [er [er [er [eg [er [er [Ie I- 


VY] IE JE J] JO JO JH JO JH JO JH JO JH JO JO JO [OJ [O 
DIO JO JO JOE JO JO JH JO JV JO JOU JO JO JO JO JO JO JO [oO 


8765 43210 


1100100 
1100100 
1100100 
1100100 
1100101 
1100101 
1100110 
1100110 
1100110 
1100110 
1100111 
1100111 
1100111 
1100111 
1101000 
1101000 
1101000 
1101000 
1101001 
1101001 
1101001 
1101001 


oO}]o 
did 
o}]O 
did 
o}]O 
did 
did 


io lo 
roi 
io lo 
ric 
io l1o 
roid 
raid 
ac 
Rd 
ro 
q 
fo} 
Oo 
Fe 


ees (0) 
Ea Ei 
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A =) 
S pee oo 83 
Zee OD Demo EPYEE, 8a 
pa APSSRERAREPAMERASSSSR¢EG 
aes. Bae es Bee oe Bae ear eet ee ere eat Ea Bat esd“ Ee oe 
RANNNNNNNARARRNNNHNNHHASSSORSROSO 
OVI VVVVVVVVVVVVUUUUUOU UU U UU a 


#c :#cond 
* :#ccond 
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CMAND [FRE 

CMOR [FR 
CMXOR [| __FRK 

CMNOT [FR 
CMADDHSS | FRk 

CMADDHUS | FRk 

omsuBHss = [>[_FRK___ 
CMSUBHUS | FRk 

CMMULHS [acre 
omMuLHU = [CCK 
CMMACHS Pack 
ommacHu = -[__ACck 
cmgappHss = [FRE 
CMQADDHUS | FRk 

omgsupuss = [FRE 
cmgsupnus = [__FRK___ 
cm@muLHs = [ACK 
cm@muLHU = [ACC 
om@macns = [[__ACck 
omamacnu = [AC 
CMCPXRS [acc 
CMCPXRU [acc 
CMCPXIS [acc 
CMCPXIU [acc 
CMEXPDHW | FRk 

CMEXPDHD = [-[__FRK___ 
CMBTOH [RE 
CMHTOB [| __FRK 


#c :#cond 


1110000 
1110000 
1110000 
1110000 
1110001 
1110001 
1110001 
1110001 
1110010 
1110010 
1110010 
1110010 
1110011 
1110011 
1110011 
1110011 
1110100 
1110100 
1110100 
1110100 
1110101 
1110101 
1110101 
1110101 
1110110 
1110110 
1110111 
1110111 
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im 


Q 
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Q 
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=r 


Q 
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Q 
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eI 
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my 


Q 
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Q 
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Q 
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im 


Q 
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Q 
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my 
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MQXMACHS 
MQXMACXHS 
MQMACXHS 
MADDACCS 
MSUBACCS 
MDADDACCS 
MDSUBACCS 
MASACCS 
MDASACCS 
MABSHS 
MDROTLI 
MCPLHI 
MCPLI 
MDCUTSSI 
MQSATHS 
MQLCLRHS 
MQSLLHI 
MQSRAHI 
MQLMTHS 
MHSETLOS 
MHSETLOH 
MHSETHIS 
MHSETHIH 
MHDSETS 
MHDSETH 
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P[Acck [ 1m1000 [FR | 000000] FRI __— 
P[-_acck_[- 1111000 [Fri | 000001 FRI __| 
P[-_acck [1111000 [Fri | 00010 FRI __| 
P[-acck [1111000 [acc [ 00100 [ | 
[-acck_[11ni000[ Acc | oon 
P[_acck [11000 [aoc | _oonnn0_ |_| 
[_acck_[- 11000 [aoc [ oon | —_ 
P[-_acck | _a1ni000_[_acci__[ 001000 | -__| 
P[-acck [111000 [aoc | _oo101_| - __| 
[Fre [1mi000 [~~ | _oo1010_[ Fi __| 
[Fre | _aini000 [| ooo |e _— 
[Fre [1110000 [Fri | 01100 #5 __| 
[Fre [1110000 [Fri | oon | _ ss | 
[Fre [1110000 [Acer [ _oommn0_ | _#s6 __| 
[rk [_aini000 [Fri [| _ oon | ri __| 
[Fre [1111000 [Fi | 010000 FRi__| 
[Fre [111000 [Fri | _o10001_| 6 | 
[Fre a1ni000 [Fri [| 1001 se 
[Fre [1111000 [Fri [| 10100 Fri __| 
[Fre [1111000 [Fas-1 [| 100000 ms? | 
P[ rk | _ainio00 [| 1000015 _| 
[rk [1111000 [mae | _100010_| mee | 
[Fre | _aini000 [| 10001 s_ 
P[ Fre [1111000 [mae [| 100100 | mee | 
Pf Fre amio00 [<i toon as _ 
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MAND 
MOR 
MXOR 
MNOT 
MROTLI 
MROTRI 
MWCUT 
MWCUTI 
MAVEH 
MSLLHI 
MSRLHI 
MSRAHI 


MSATHS 
MSATHU 
MCMPSH 
MCMPUH 
MADDHSS 
MADDHUS 
MSUBHSS 
MSUBHUS 
MMULHS 
MMULHU 
MMACHS 
MMACHU 
MQADDHSS 
MQADDHUS 
MQSUBHSS 
MQSUBHUS 
MQMULHS 
MQMULHU 
MQMACHS 
MQMACHU 
MCPXRS 
MCPXRU 
MCPXIS 
MCPXIU 
MQCPXRS 
MQCPXRU 
MQCPXIS 
MQCPXIU 
MMULXHS 
MMULXHU 
MQMULXHS 
MQMULXHU 
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PT FR [tions —FRR__—*._—ov0000 TF 
[Fre [aor [Fri [000001 [FR] 
[FRR [aor [Fri o00010 [FR 
[Fre anon 00 0 FR 
[FRR [aaron [ri o00100 [8 
[FRR [anon [rin [ss 
[Fre [anon [rior 
Cpr [re orn | 
RR a OC 
ror — [FR —aor00r | Ft 
Fa on oo 
[Fre [aon rior 
Perk anon [rei | 001100 | Fk 
Pre [aon [rors [Fs _ 
[Rea aron [rr oro 
[free] ron [oor 
Pre [ons [00000 [Fr 
[rk [ons [rr or0001 [Fs 
Prk [ons [rr oroor0[_ 
Prk [aon [roo [Fs _ 
[acer [aon [rr oror00 [| 
[acc [aon [rr onoror [| 
[acc [aon [rr [oor 
[acc [aon [oor 
[Fre [ons [rr or000 [Fs 
Prk [aon rr orso0r [Fs _ 
Prk [aon [oro 
Prk [on oon _ 
[acer [ron [ri orti00 [| 
[acc [aon [oir [Fs _ 
[acc [aon [roo 
[acc [aon ron _ 
[acc [aio [Fr 100000 [Fa] 
[acc [aon [Fri 100001 [Fa] 
[acc [aon [Fr t00010 [Fs 
[acc [ron [rr t0001 [Fs 
[acc [aon [ri t00100 [Fs] 
[acc [aon [rr t00r01 [Fs] 
[acc [aon [rr [toro [Fr 
[acc [aon [toon [FY 
[acc [aon [Fri 101000[ FY] 
[acc [aon [Fr 0r001 [Fa] 
[acc [iron [Fri [oro [Fs 
Pace. [aon [oro 
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MCUT 
MCUTSS 
MCUTI 
MCUTSSI 
MMRDHS 
MMRDHU 
MEXPDHW 
MEXPDHD 
MPACKH 
MUNPACKH 
MDPACKH 
MBTOH 
MHTOB 
MCLRACC 
MNOP 
MRDACC 
MWTACC 
MRDACCG 
MWTACCG 
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[Tm | uo | acc | tomo | ™m | 
Pr amonn acc; [_toni0r_— [i __ 
Pre [amon acc; [i010 [5 __ 
Pre [amon acc; tom | _—d 
P[acck [amour [ Fi | 110000 [| i __ 
P[acck [amon [Fi _ti0001 | i __— 
Pre [mon tio | es _—id 
Premonition | _—*d 
Pre [amon iP —ttor00 
PD re on PCr —PS—i*d 
PD ree [on ito | 
P[k [amon | —tt000 ri 
Pree [amon i ttn 
Pace [amon Yi tio Cid 
Pon [aon asf | io Sd 
Pe [amon accr_|_iio0_— | SS—S*d 
P[acce [amon Yt —PCS*d 
Pre [amon _[_Acog__[m0-[ id 
P[Accek [amon i | ots PCS” 
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2. Instruction Matrix 


2.1. Primary Ope-code 


a 
a 
| 0001] CKicc | FCKfcc [+++ | SCAN | UMPL_ | JMPIL_ [+++ | CALL 
| 0100] ANDI__| ANDIcc [ORI | ORIcc__| XORI__| XORIcc |---| -—- 
| 0101] SLLI_ | SLLIcc_ | SRLI_ | SRLIcc_| SRAI_ | SRAlcc |-— _[-—_ 
| O10] LDSBI_ | LDsAY [Lor | Lbbr |---| LUBY | LDU | ---__— 
| 0111] LDBFI_ | LDHFI_ [LDF [| LDDFI_ |-— i SE7LO | SETH! |_SETLOS| 

= GR =e J ST 7 

Ye Se SB STE 
| 1010] STBI_— | STHI, | ST! | STDI, —|-—_sTSTFI_O| STDFI._ [-—— 
eT he ee eee ee ee 
ST ea Ee WE Dee 


The column of +++ has the secondary ope-code. 
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2.2. Secondary Opecode 


Primary=0000000 


SUBX SUBXce 


Primary=0000010 


Pwo] oor] oof ons] 109 
ooifuppr [par —[upr [uopr[~_[- _[= [= 
onpupsru[eparu[upru —[uppruf- [=| |= 


cc 
a 
el 
i el 


Primary=000001 1 
a 


wiper frcer_ poet [peer MEMBAR 


Primary=0000100 
a a et 
Tice free |uwrnar 


io} 
oO 
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Primary=0001010 

SS Tt TT TC TT 
[—oooferrer [orca forme [orm [- [- [= [| 
[—oorfanpor[orcr —[xorcr[Noror [NaNbor [NoroR [= [= 
[oof anpNon [ornor [= [= [NANDNow Nomar [= [= 


Primary=0001110 
Pwo] of ro] on] too) to) 
a 2 


Primary=1000110 
TT TT TT 
aDDSs SUBS SASS [= —=«SCUTSS SMU «(SASS (SMSSS 


Primary=1011000 
eT 


Primary=1011001 
oy 


Primary=1011010 
a a eT 


Primary=1011011 


TI 
fcanbee [cor [exons [~ | 
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Primary=1011100 
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Primary=1100100 


Primary=1100110 


a aaa ul 
CSTBF CSTHF CSTF 


Primary=1100111 


Primary=1101000 


Te 
CSTBFU CSTHFU CSTFU CSTDFU 


Primary=1101001 


TT 
CMOVGF CMOVGFD CMOVFG CMOVFGD 


Primary=1101010 


TT] 
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Primary=1110000 


eT 
CMAND CMOR CMXOR CMNOT 


Primary=1110001 
TI 


Primary=1110010 
TI 


Primary=1110011 
a TI 


Primary=1110100 
a TI 


Primary=1110101 


TT 
CMCPXRS CMCPXRU CMCPXIS CMCPXIU 


Primary=1110110 


Primary=1110111 


ae: eT ee eT 
CMBTOH CMHTOB 
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Primary=1111000 


Sm ET CO ET 
TS Cr oC a 

ile ee ie ee 
Poofrise.os [ynsencon MASONS fSEMATA|wADSENS punpsem[-——__[=~ 


010 011 100 101 110 111 


A A 
MQMACHU 
[tropes funepH [MExPDHW] MEXPDHD|MPACKH [MUNPACK| MDPAGKH] — 
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3. Instruction / Device No. Correspondence table 


Instruction 


| Appss | NA | NA | NA _| 


SMASS 


TLBPR 


| TLBPR 


N/A 


NIA 


N 
N 


N 
N N 


Device No. 


N/A 


N/A 
N/A 
N/A 
N/A 


N/A 
N/A 
N/A 
N/A 
N/A 


Table Contents 


N/A 
N/A 
N/A 


233 


FR400 Series Instruction Set Manual 


4. IACCO special rule 


IACCO(SPR NO. 280-281) is added for MB93405/MB93451. It doesn’t exist on 
MB93401/MB93401A/MB93402/MB93403. 
Special rule for IACCO is below. 


1. OnMB93401/MB93401A/MB93402/MB93403, when movsg instruction reads IACCO, value is 0. 
Serialization is occurred. 

2. On MB93401/MB93401A/MB93402/MB93403, when movgs instruction writes I[ACCO, any register is 
not updated. Serialization is occurred. 

3. OnMB93405/MB93451, when movsg instruction reads I[ACCO, correct value is read. Serialization is 
not occurred. 

4. OnMB93405/MB93451, when movgs instruction writes IACCO, IACC0 is updated. Serialization is 
not occurred. 


To achive common context save/restore routine for all FR400 series without checking CPU version, 
should only saving [ACC0 by movsg and restoreing I[ACC0 by movgs. 


234 


Index 


Index 

ADD esas eee tacts obs ee He a 2,3 CEDUBU anu eel ed 170, 171 
AD DCG fectster es viedo hn cseater ies ieee 2,3 CED Wiz ersic ces vicks bavateghe ices waves 170, 171 
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AT DX oy, nsec se GL eee BER 2,3 CMBTOR i srciei cgi task lected eeotdisiaovae 202 
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ANDerisietseich. cde Seles 11, 12, 162, 164 CMEOPXRU iitgen aia leit aiaen 199 
AND GGidi cr ktilee Meieda brane sees 11, 12 CMEXPDAD bese. scceciccslccrsiseecterssevedecsoese 201 
ANDGRiieciiccd fetes steversssthereced Geaas thee 62, 63 CMEXPDHW .............ccccccccccessssceceesteeeeees 201 
PINWDD os cst canes hte eee tec BOR Seeu eeeseats 11, 12 CMHTOB eitestersacnctcet tote oucree: 202 
AN DIGG fociistecs sects cieanlassiseieneettenaeboene 11, 12 CMMACHS wetisccateloritien lactic sicebiea deeds 193 
ANDNCR .......ccccccceesssceeeesstsceeeenaes 62, 63, 64 CMMACHLU uuu... eeeecccccceessscecsssseseesteeeees 193 
atomic Load Store instructions ............. 178 CMMULBHG ............:cccccccssssessesrerscescessees 193 
BAR. iataccticiacecchietocl Sathecseiiehia aes es 76 CMMULAHU 20... cece ccecccccesessnesseenseesees 193 
BO1CCL Re shs iaieiteie ho ee 37, 38 CMNOW 2 shies Siti ee Boe 189 
Betr GR 8 i. ceesdesieeitlinsseskedlonsdeadon i tedsstavede 36 CMOR vis tesistasectsdnstietiicolaeeetedtitersdoeteevieeaad 189 
BGC ieisseeccoseaugavenega tea ions covenanea vt Mactocases oes 32 CMOVE Geis. tos5. enccsaeestestgasvvseess. esesdagstaoek 180 
Bice Ti Russo. stecscs feickeadetdsie cos sistas fltaseaet 37, 38 CMOVEGD...... occ ceccccccceesececesceseenseeeees 180 
Bieake::oscis avis eRe hahah 52 CMON GE vesscndinilecia taienihinie 180 
CAD ID baccscatidissed fois iisiceeoastietese dates uwsceet 158 CMOVGED...... occ cceecccccessecceesseseeensseeees 180 
CAD DCO: avssese den esestsecbtocsiosaneeieses: 160 OMPBi.a:dcvescostvstaedies vee dareuitak ov niet ets 16 
CADE ois. Seishin Ea 44 OMPBAY. 40. isiiiius da inecainhseds 16 
CALL instruction .........ccccccceesssseceeeeeeees 44 CMQADDHSS ......c ccc ccccsesscsecceeeeeees 195 
CAND oa itisenieische dA pa ieee 162 CMQADDHUB...........ccccccccceessseceensteeees 195 
CAN DGG 3c since ents see 164 CMQMACHS 2... cece ecceccscecessseceenssseeees 197 
CCKICE iscsi nna sarees ae as 184 CMQMACHD...........ccccccccccccsssseceeesseeees 197 
CROK IGG ice stecesl foes neectis es eneris tees 187 CMQMULAS ive. ccetccdecseni cceeteiss coseeeesees 197 
CIMPToeicesseeitistesneiteteeeatssthed been lade 182 CMQMULALU...........0cccccccccceessecceesseeees 197 
CKiCG i cusinen ene ii hee at eae tees 58 CMQSUBHSG ..........cccecccccsssseceeesseeeees 195 
CLD enstismentindac ted safeties 170, 171 CMQSUBHUS ...... ec cceecccccessseceessreeees 195 
CTD BE gies ces eee eiev ets tek ets oh cece stews 172 CMSUBHSG.............:cccsssecccesssreesceesseesoes 191 
CED BEU sdeciciceetaietscivteichstaveted. tees 172 CMSUBHUB............cccsssccccssssrccccessseeeoes 191 
CID D3:8 cosh cceet easel eet ht cee tees 170, 171 CMXOR it vccss.s heecetetastantacerueeenttes 189 
CLEDDE ei sesis inst cota nate eth 172 CNOTsosisinilel einen seein ahi 162 
CLD DEU i cccessettesecchecictvtelnctes centites 172, 1738 condition code of condition code register 
CLD DW. cckivieetr thos abies 170, 171 for conditional instruction................0.. 58 
CLD Bicciseasectisie tee hah Bee 172 condition code register ............ccseesssseeeeees 58 
CLDEW Ss Aetaticavkannos nana: 172,178 control transfer instruction .................. 207 
CID FR ceigkovis socdives suds occheaabantestiobaveeeeganeeds 172 WOR 2 i ooshthiess sts deatiediiaedades Masaheteieatoestieadd 162 
CLD ABU sci cchvcsseseesinadee svesseca sv etadersieniees 172 CORCEG As iesiveccatetesdertetaaress corn tevecdiarteost 164 
CUDSB sh. .ccxedectiiesteleiios hehe toteeeveaess 170 CSCAN  ii55. theses nists titiieladeekes ideeets 183 
CLDSBUR A tantainiesietiiiencncn 170, 171 CSDIV Gis itis tea eae ae: 158 
CED SHS 5.333: SskdatiesdleeeB eel elesedeteess 170, 171 CSTs pcachiieisebik hee diettiisteelenelsieteehe 166 
CLD SHU ise cisesieecteks geeseaeed exisesgecs 170, 171 OST Gira: st bodes recs siete hea cass bode cateesins 008 168 
10D] pao re ro ee 170, 171 CSMUD esch stciintin lei Bake tees 158 
CLD UB iteatsiacaiieneukes 170, 171 CSM Ulice isin caisnitiniicehaeniie 160 
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CORA aisles Akin Md aiken Boke Wee 166 
CSRACCE dike leeccece hetee tess es teenth: 168 
COR Li see civesiees tie tats eastises constiase cteeaceastttese: 166 
CORLL si oiisis cetera eels: 168 
CODA aS te he, ee hate, tae 174 
CSIPB 3 acsstatsccssdlasecessaasatedbhegsacebuborscesteds sess 174 
CSTBE yc ssiegescireshts iinegse aster taveehdeesientees 176 
CSTBEWhc52.cihicviecdisnsssansvlicseieeieihs 176 
CST BU ili. Ok tiie Baia niies 174 
CSTD e255 eos bo. ates gic ein he seadsdesoestceed 174 
COEDS ccivesgessiechene At hecetseehtere we aeeetiese: 176 
CSTD EU aiischecdetislen ee Hiei 176,177 
CSTD Ut ais stank e ARR 174, 175 
CSD Riscsssdasieceshotatesseatiteeeliianchsodolitesgnat teks 176 
CS RE Wascriedes cece Ses 176, 177 
CSTH si nsstelingth esi nie st ee: 174 
SPE Be eccescdstetertetessssced istered: 176 
CSTHEU 3.6 tehei etn Lihat 176 
CS PE Wis. cies tes ihc eee 174 
CSTW seis a adiangetset ass 174, 175 
(CSUR ys easier escrito se detecssnche net dsvoes 158 
CSU BCC isk eects acetic leteoeks 160 
CSWAP oases tele eee et 178 
CUIDEV: tei scr t asteciseatedi geheaaoigetel sean 160 
COKOR wtededtecsisscttse th esiduita daunted 162 
CXORCG i. thaltec cbse eens 164 


data_access_error21, 23, 25, 27, 29, 67, 68, 
70, 71, 73, 75, 171, 173, 175, 177, 178 
data_access_exception21, 23, 25, 27, 29, 70, 
71, 73, 75, 171, 173, 175, 177, 178 
data_access MMU_miss 21, 23, 25, 27, 29, 
70, 71, 73, 75, 171, 173, 175, 177, 178 
data_store_error.. 25, 27, 29, 175, 177, 178 


DGEES tscvvitsetvicitensreehecveeiiarvoeveesasteteareee 71 
1S Gs OH Eepenen ey creer renner Pr ern ery reer rena erry 70 
DG Pac ahs atelier ABA Renal ees 68 
TDC Tisscsutedad cedsSohobesee yds xccsbanbenseouekacessseat eee 67 
DG Plizss. cocesssaxtiockedeeticagss aseeanneedbeseessonspeves 73 
TCU nestle ential esc ashe dise eee 75 
division_eXxception .............00ccee 9, 158, 161 
PBIGG ides bss Reh Rew eas 34 
BIGGIE, stenseusiseaiis i steniecttocest occ ieteees 40 
PO BiecliR sisi cottcia see siielead ddeentseiacs 40 
HOKUGG Scere. ve. Ree Gerke eto oteoneoteee 60 
floating-point InstructiON..........ceceeeees 76 


fp_disabled.. 23, 27, 30, 35, 41, 50, 61, 173, 
177, 181 


H Rite cdvsdetett nr rdesteee csrears 22, 23, 26, 27, 30 
FR Load instructions .............ccceeececeeeee eens 22 
FR Store instructions ...........ccccccccceeseseeeees 26 
MCG a area CAA 49 
PP TEC Gia: 25853 cots bead tacoeseddevessealectebeidaseesseneateants 49 
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general-purpose register ...........:cc66 20, 24 
GR ecisece etc oncetiuncee ae teers 19, 20, 24, 30 
GR Load instructions ..........ccecceeeereeees 19 
GR Store Instructions........cceeeeeereeees 24 
TIGR nsictinnicisenaianowmnae 67, 68 
TEES, ob hvesncedisdebiiceccssnceateeeittecetesnncreutteasats 69 
KG) beeree ee recency retrace errr tener 66 
TOD TGs, Aten ccedsates ca tPe ett cates cans cea tats 72 
TOW Liss erates atteaita aang atest 74 
instruction_access_error ....... 66, 69, 72, 74 
instruction_access_exception ......... 69, 72, 74 
instruction_access MMU_ miss ...... 69, 72, 74 
integer addition and subtraction 
INSLPUCUIONS 25.14 ecteilcas chitalieevendaneedicneeetes 3 
integer division INStructiONS..........cc cee 9 
integer multiply instructions..............06 6 
integer shift instructions ............:ccceeees 14 
IMP weseccass sseccvtesdadinock .peseousdisdrcessasseebenapeate 43 
IMP UE pr cnvispctettecsteeedlecseatiaidehascteenaeties 43 
IMP Tire t cseattisetietin eh al oelaae lade doeha sits 43 
LOR Malaccan: 36, 37, 38, 39, 40, 41, 42 
LD aeesiteciotis tenia ces atineas Aigeecbiaa odes 19,171 
TED BE visssccesetseacsnes godt teenceeeetaaaveeie 22, 23, 172 
LID BEV vice. oeciediastetieaeiitel poeuiedianedenloviads 22 
LD BRU serseadeticeassnecer ci tensessne eden avenss 22,172 
EDD ies titiedd beastie alee teas 19,171 
GD DDE vevctectse ates ceed eiaeeached 22, 23, 172 
LD DEM sec ciet hii neat a ae 22 
TLD DB Wieck. oiasteseateees heherteredtctteetiatees 22,173 
TDD avetesta eaten cevscads oevceadeesacnereens tases 19, 20 
4510) BD) Winer nretrer cree peera reer a een 19, 20, 171 
LDP eect andisieneienaies 22, 23, 172 
DAD 23.2 sehicittleiet rede a ti laettheteeetestetess 22 
TD isictede creat tea alatevs Mt etststamertteatseits 22, 173 
TEDL i ctecescateiacticcctanaeateaetek 22, 23, 172 
1019) a eeeeerereerereer teres tctry ayer roe 22 
TAD) PRU sce cad sutdbenteetstactsxcevshecestetuetess 22,172 
TDD Ta seesatcanes sctessaeevncseatasnt tise raseeaner teases 19, 20 
LD SBypececes seeskiaciest. Hea evened 19, 170 
TDS Bl c.cenvcccenadeicdeteactiseattetassecedseeteeee 19, 20 
LDSBUtecieengecnl eestor 19,171 
TED SH. chen ien eatin ates 19,171 
LDSHD osstotislsleectetisittalaailel ais 19, 20 
LD SAU eiicadiescguvectiesichececeesncetes 19, 20, 171 
LDU se ieccsech eal octet fate tperesess 19, 20, 171 
TED Be 2s cectscvesavenesncthentaceasteesstieeevea das 19,171 
LDU Bless seit cite hi seve eaten 19, 20 
LDU BU secdiccelicteess Geetdinseeseeetecss 19, 20, 171 
LDU Asccsteipasnl stcbeniteienateee sites 19,171 
TED UY crete assets teenies eat ceeds at 19, 20 
LDUAU Si aestanti caine 19, 20, 171 
DReacteateees 36, 37, 38, 39, 40, 41, 42, 48, 44 


IGREA DD er aioe Ree Ree teen etn eea 80 MOR 2 tis atatintctn eens ates 86, 189 
TAR All cdc aceyesstecesscecess veto rtes docoees dane lee 78 MOVE Ge cceloeMaidedececsereetoheeeidees 30, 180 
MABSHS 8: -.ceestieletensttesss cheesbdestibeeens aessest: 96 1 COA 1k C1 D nnn 30, 180 
IN DAN D) DYN ©. Ore 145 MOV GE. aiikacaceceicts tities 30, 180 
MADDHSG........cccccccceccesseceesseceeseees 98, 191 MOVGED si ennnisaienaate: 30, 180 
MADDHUS ........ cece ceccecsteeceesseeeteeees 98, 191 MOV GS essiccssidelicces hte tiieietigeeialies 30 
MAN Diss si seeschoesbesnstetiss cavseteeieeviants 86, 189 MOV SG riccsiec cases ti icceencedniedss 30 
MASACCS 2. ceececccccccsseceesceceseeeessseceeeeeees 149 mp_disabled.. 52, 53, 85, 86, 87, 90, 91, 92, 
MAV HEL st Ssatiiise atta naitaticne Riad 90 94, 95, 96, 97, 99, 101, 103, 105, 107, 
MBTOBH............cccccccccceceeeeeenees 139, 140, 202 110, 112, 114, 116, 117, 119, 121, 124, 
MGLRA CO iss covigas canecgisveasshdeasttsges stb voeetd 143 127, 129, 131, 132, 134, 136, 138, 140, 
MCMPSEI 2:2 636.0sc0tedid ieshateeshncctisietedissees 97 141, 142, 148, 144, 145, 146, 147, 148, 
MCMPURH, a scintacicndiannd anew: 97 149, 150, 153, 154, 155, 156, 190, 191, 
MCPLD, tisich.sfecisbcecesteseassietiiecteens eaves 141 194, 195, 198, 199, 201, 202 

MC PLI cisiettiniccetie tie eaten 142 MPACKH ou... .ccecccccccsscceesceceseeesssseceeseeees 135 
MOPXIS# c2ect. sei tisrtdli neieseeeaeienks 123 MQADDHSS 0... cee ceesceeseeeeeees 108, 195 
MGPXUU ss ohsteccesscaeveteeteiaicecee Geadectoreees 123 MQADDHUS ...........ccceeseeees 108, 109, 195 
MOPXRS tines ee Rhee es 123 MQCPXIS. cise ihaitectlenieen dled 125 
MCEPXRU 32h. nitdadetthiecsteeertl een en 123 MQCPXIDU ......eecccccccsscesseecsteeeessseeeeseeees 125 
MACUIT siciseh ce steed shige des 128, 129 MQCPXRS sehisiialingbalsseaneidianes 125 
M CUTE a settee tarttir eek 128 MQCPXRU icc disccces csiedess ps svercdesedeneiveiss 125 
MOUTSSiitsisiiodsiisesn einen hs 130, 131 MQLCLRHG.........ccccccccssssecssccesestccsseeeees 154 
MGUTSSI sic. coscccceekaterstiissitgvenetedenteasrsnseee 130 MQLMTHS ........ccecccccceesceesseceesseceeeeeeees 155 
MDADDACCS 2... ecccsessccccececesesenens 147 MQMACHG.............. 115, 116, 154, 155, 197 
MDASAACCS 2... .eeccccccceesseceesceestseeeeseeees 150 MQMACHO uu... eecccececsceesseceeeeees 115, 197 
MDASACCS.. .0....ccccccccssccsssccessscesseeeseseeeens 150 MQMACKHS 1... cccccccescceseceesseceeeseeees 121 
MDCUTSSI............ccccccecseceeseeesseceeeeeeees 132 MQMULHG .........ccccceceeseeeeees 111, 112, 197 
MDPACKH 2.0.0... ceccceceeccceesssceeeeeeees 137, 138 MQMULAHLD ....... eee cecccceeteceeeeees 111, 197 
MDROTLI 1.0.0... cece ccessceesscceseeeesssseesseeeeees 92 MQMULKHG ..........eecceccceesseceereeees 118, 114 
MDSUBACCS 1... ccecccccetsceesseceeseeeeteeees 148 MQMULXHU............cccccccccsceesseceesseeeees 113 
media average INStruction ............c00cecees 90 MQSATHB estes cess ccsedsceseceeiarc ccesseas vbeceatecies 95 
Media instruction .........ccccce eee 1, 76, 77 MQSUBHSS 20.0... ceceeccesseceeeeeees 108, 195 
MEMBAR. ...........cccccccsssceesseceeseecsssceesseeeees 77 MQSUBHUB...........cccceeeseeees 108, 109, 195 
IY D.@ od Bs 8 D 133, 201 MQXMACHS 1... cecccceccsecsseceesseeeeseeeeees 117 
MEXPDHW.............:ccccccccesssceeseeeeees 133, 201 MQXMACKHG 1.0... ..ccccccecccccsssceesseceeeeeeees 119 
MHDSETH ......... cece ccccceesecesseeeeseceeeeeees 152 MRDACC .......eccecesccssssccssccessscessaccsseceses 144 
MHDSETS 1.0... eeccccsssceesccceseeeesseceeeeeees 152 MRDACCG.......cccccccccsscceeceesseeeessseceeseeees 144 
MHSETHIA.......... ce eecccecssccessceessseceeeeeees 152 MIRO UTIGD sw cass. xivcadecoeecsniteviescdearecodsetvonds 87 
MHSETHIS® 5.cc¢ Si c2ddhs Hess Ghestisci sient 152 MRO TR [igis ness kick ne Resnhieet Base 87 
MHSETLOBH ............ccccceccsseceeseeeeees 152, 156 MSATS vccdeccesteseteletecdoreev rede eect ete 93 
MHSETLOG............:ccccsccesssceeseeceees 152, 156 MSATHUsss.ssseih atte tecsel ore ieee steed 93 
MHTOB.............:cccecseesseeceeeeees 139, 140, 202 MSLLHI 00.00... eeeccecsssceeceeeseceeseceseseeeeees 91 
MMACHSG........cccceecceestseeeeeeees 104, 105, 193 MSRAB Diss ciest ee padehinccbl sails cena 91 
MMACH0U w.....cecceccceccecceeesseceeeeeesees 104, 193 MSRIGHT 0 Gtick oiihie ea eee 91 
MMRDHG 0... ceeccccetceesssceeeeeeeeees 106, 107 MSUBACCS 1... .eccccccssccsstseesseceesaceessneeens 146 
MMRDHU 1... cece cccceeseceeseeeeseceeeeeees 106 MSUBHSS .........cccccecscceseceesteceeeseeees 98, 191 
MMULHG 1.0... ccceecccccescessssceesceeeeees 100, 193 MSUBHUB.........ccceccscceeseeeeseeees 98, 99, 191 
MMU ces tecitottigscccctteoetn 100, 193 MPA Ps. .cccee dotnet acteces ee tierce 53 
MMUTIXHS tit..008e..teds oa esthetstelea aces 102 multiple control transfer instruction ... 209 
MMULXHU ...0... eee ceccccecsteceeeceesteeeeseeeees 102 MUNPACKH 1... ceccccccccceseceesteeeeeeeeees 135 
MNOP*,. 2.3553 ta ian eo as 85 MW CUT aakiaihteiekaheidianiienian 88 
MIN Tiss. secs bislevssteitiendsonleetesee doce heren 86 MWCUTL..........ccccccccsssscssscecssecesssaecssseeeees 88 
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MW TAC Ch ois Sa hea tas ee Bie 144 
MWTTACGGG .........cccscccccccssssesreessesccscsesseses 144 
MEXO Rijccc2iiisd visited sas coach deeittens asieseesee 86 
NANDGCR 2... .eeeccecccccceceessnseceeececeeeeenes 62, 64 
NANDNCR o.oo. ceceeceeeseceeeeeees 62, 63, 65 
NOP eisccceiaeteshedeesteseias 47, 50, 72, 73, 74, 75 
NOR G Revsiccadsersoctsis itetag testent etree 62, 64 
NORNCR 1.00... ccccccccccceesesssseceeeeeeees 62, 63, 65 
NO Wicca hi cesstshee aetna tteoustiass 11, 12, 162 
NO TOR esse tirel fens iiasiecdaedl Sosiosdates 62, 63, 65 
ORS Ssksiiiscedeseenctees 11, 12, 162, 164 
OR C65 eco hc Rea Restate 11, 12 
ORCR a8 suet ine hate 62, 68, 64 
QR gi coe.cshadeetsietabigestedd ee etid eo Sbaatiaverbedce 11,12 
ORICG.3 2 8tieed vasceceitedeas tere aes 11, 12 
ORNGR ss .263 ine Slongel kine ee 62, 68, 65 
packing flag oo... ccccccsssseceeeeeeeseeenees 205 
POSRriesidsetecthiestecact at hee assed eee 45 
privileged_instruction...........::cceeees 30, 45 
POR fei Seid asl altenthnisas ea 45, 76 
register transfer instructions .......... 30, 180 
RH Dee seenthvesiietteeel boecae tg eassiatvecobereieesshe st 45 
RETT instruction ...........ccccccecccceceeeeeeneneees 45 
SCAN ist sissdtateizeccassesgiisoigelses eceieliceteeeses 56 
GAIN. irescotveedecodesrss th ise cecotet ragecer the tees 56 
SCUTSS witititehele eect ea liste ted 17 
SDV cocci dselscstititesiie sabi ccscedaivbeteiscscheiske 9 
SDIVDanketats wake anaes 9 
SED AU istasiecsbaactocebsudtvetelacectssusduestettaceessene 54 
SETHI instruction.........cccceesssssceeeceeees 54 
SET LO ts cistecss cel ihets has lh letitnh Geis 54 
SEMLOS GAhiscveeii tae Baan ae 54 
SLA SS 25s os Foshan dbedesssaghcabietd Besbeabecuessadde 13, 14 
Sel ieiscsstesiaisgexsdechadovnaseed cant jens sesage uses 13, 14 
hod Ol Bh cl cae eer Pee eS RED 13, 14 
aaa ethos ai tase aes 13, 14 
PLCC sstsstesteshleteccssesssesbeteteosanteedesessenss 13, 14 
SIMIASS 4) seccidtestccdestoosssts avesdaaxsbesdsetovenbies coves 7 
SMSSS2 sisckinessGlaieh i hesshh ei lease ie 7 
SIMI Sts Serscen cat cota cn cvatete Sttceccn detente kot aets 8 
SIME Ti acs escesch Oekae dieses ethos bastetnebteeets 5, 6 
SMG Gs dstereah ts hese ahotveds sa teved asbeedsvagested 5, 6 
SIMAGISE sriskecksadeciastedindds igelesh eotfeatt Meebo l sons 5 
SIMU CCtok acs cecec aves oe teisadetacnvatoessed aks 5 
RAS races stavethssieedbet viteetiateeseuaipaedeaeees 18, 14 
SRA GCG aes htitorvstavebeteetacineressel ote evste 13, 14 
FRAN 22.053 srectintl oigeienbangtn coehati ont lose: 18, 14 
SRATCC iss oct ceatsbevssse Mics scodsieestewveseas 13, 14 
RTs, coisa esses tec ce bietecsitesets cok ttsceds Oh ce 18, 14 
SR CG ieias ccreccestet ees ash totais tiesae ia eee is 13, 14 
SRG 2 niki ate ean eas aS 13, 14 
RET CC sissies ccdeisatessehonesseedbes tesdsbeaeseedansss 13, 14 
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Noll Le Eee ner es eRe Eonar earner Reson oir 24, 174 
SEB easiest ede atdeletatedetts insides 24, 174 
SEB EB wichecceneistoctiaies coset eae 26, 27, 176 
ST BE Tuitecistcdiscatsccteihs tates 26 
SIEBE Weinstein eeee 26, 176 
STB si ciccteacsisdasanduens siadecsepadeageeasaieesctsaweds 24 
ST BU). .asd dscodeacxieneeeriaieuedon osteane 24,174 
STD chests hiencbediitiehtist iasceete casts 24, 174 
STDE iid a aihatisoheatiane 26, 27, 176 
STD BD cceccileceieins tatiieal feds eecdetstbsheseaesece 26 
STD: srescsttesaiesiere dacescaheeeects 26, 177 
STDs seceding Giese haifa tac ies Pei cee 24 
STW W228 eens anaes: 24, 175 
STP recs a seckelid cotSbead ewe tide ssl 26, 27, 176 
DOPED sis sheet en Picceisaci ns teeeera edema hs ees 26 
STE Ueicssestt ueshcb see sei meek 26, 177 
Roy! Al 2 RRs Pere Rene ne Rn RT Rn eS 24 
SPE Be csccn eso ttladeste lated: 26, 27, 176 
SOREL B Des acta pecan tastes ace ee eG Gas teeead tons 26 
STHEBW yiik..igteh sttetineselieie hte) 26, 176 
Reh Di beeen ONE APEC PA ARS 24 
SPE Ws vsseo testes eth eras avecdact uae eaak ieee 24,174 
Tres stvcit ee ress uech elutcheeia cooeeatecteab eons 24 
STs ssereetiloigetees sett See eeeA Maske 24,175 
SWB Mane Saececcctasst eas tecse tate orroceeenerees 2,3 
SU BGG: cies tsderes ectistelteavendtacrecn avon betes 2,3 
SUBI 3 stetiad hiithiedtc So ee its 2,3 
SUB CGssieisiec dna hos 2,3 
SUBS ese Sti cesselagectasadadestesieentaededestebancbenaes 2 
SUBSS becécvis code tincticavitactade avenles cesceaastvneedieks 3 
SUBK: wticch. ates. Mia hedeiebrcss tesco: 2,3 
SUBXeCss aiaiasiiew Bho Rose hethenies 2,3 
SUB RE .i52ticks fine ihier ad fads asteele basses 2,3 
SU BRACC wiascescssvecvcdeactesazseast gessssdouesdevvegs 2,3 
SWAP. scsteecesetessSeteiiectnen ewe. 28, 178 
SWAP INStLUCTION .........ccccccceececececeeeceeeeeeees 28 
SWAP INStLUCTIONS .........ccccccececececeeeeeeeeeeees 28 
SWAP TG 2222. sch cedvitedereeicts Masse Reereceds uve 28 
TBRiateizss2h taessthe esos Reediha Ress Gh eens 47, 50 
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